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ABSTRACT 


A microphone vibration isolation system using a bungee 
elastic suspension, designed for use in a system (NASA 
Project G-313) to measure the ambient noise in the Space 
Shuttle's payload bay during launch is described. The aso 
tor's transmissibility was measured using a computer 
controlled shaker table system programmed to simulate the 
Shuttle's vibrational spectrum in 21 third octave bands 
between 20 and 2000 Hertz. Static deflection and transient 
response measurements verified the axial and radial 
transmissibility measurements. Free decay measurements were 
made at 5,20, and 65 °C. The isolator's natural frequency 
of 15 Hertz represents a substantial improvement over the 
isolator used previously whose lowest resonance was above 
LOO. He we. Test procedures and calibration data for three 


microphones are included. 


TAP Solos DISCLAIMER 


The reader 1s cautioned that computer programs developed 
in this research may not have been exercised for all cases 
of interest. While every effort has been made, within the 
time available, to ensure that the programs are free of 
computational and logic errors, they cannot be considered 
validated. Any application of these programs without addi- 


tional verification is at the risk of the user. 
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A. BACKGROUND 

This thesis presents information on the development of a 
system to individually isolate three Endevco Model 2510 
Transducers (microphones) from structure borne vibrations 
existing in the Space Transportation System (STS) Orbiter 
Vehicle's payload bay. Procedures for calibrating the 
microphones are also presented. The isolated microphones 
will be used to measure the acoustic characteristics of the 
payload bay as part of NASA Project G-313. The project was 
conceived from concern that earlier payloads may have been 
and future payloads may be damaged by airborne noise. The 
experiment Will measure acoustic characteristics of the 
payload bay before and during launch. Results should be 
useful in predicting the acoustic environment in the payload 
Day. : 

Peni rcOrh and atmospheric Elight acoustic energy 
Will be generated by: 

- airflow over the airframe, 

- main engine and solid rocket boosters, and 

- airflow into and out of the bay through vents. 
If the frequencies of these sources coincide with frequen- 
Cies of resonance within the payload bay, acoustic levels 
inside the payload bay will be amplified. These frequencies 
and energy levels will be of particular concern. A reso- 
nance may occur in the payload bay if the acoustic wave- 
length at a source frequency is related to the dimension of 
the bay. For example, by assuming the payload bay to be a 
meet Circular cylindrical cavity with perfectly rigid 
boundaries the trapped energy will not be able to escape. 
The energy density will increase until the rate of energy 


losses at the boundaries, or in the medium, equals the rate 


3 


acoustic energy is being generated. If wavelengths of the 
source are related to the dimensions of the cavity by 
integer or Bessel multipliers then a resonance may be 
excited an the cavicva Standing waves at these wavelengths 
and resonant frequencies will have greatly magnified pres- 
sure magnitudes and the pressure of any resulting acoustic 
waves may be large enough to have the potential to damage 
payloads. 

The acoustic characteristics of the payload bay will be 
determined in three phases: 

1. Prelaunch. The normal modes of the payload bay will 
be studied by exciting the standing waves of the 
bay's resonant frequencies with a loud speaker and 
swept tone from 18 to 1024 Hertz. 

Z2.- Launch. Acoustic pressures and frequencies will be 
measured and recorded for the first 10 seconds of 
pailieltes gue 

3. Post Flight. Launch frequencies will be compared to 
prelaunch resonant frequencies in an effort to 
isolate source frequencies from payload bay resonant 
frequencies. An attempt will then be made to deter- 
mine the source of tones recorded during launch. 

This analysis of frequencies, pressure magnitude, and 
source will be useful in determining structural require- 


ments for future shuttle payloads. 


B. PREVIOUS ACOUS@IC MEASUREMEN as 

Earlier NASA directed studies of the payload bay 
acoustic properties used analytical models and recorded 
flight data. The analytical model predicted the payload bay 
acoustic environment for a given exterior acoustic frei 
The payload bay was modeled with and without payloads and in 
each case with and without sound absorbing materials on the 
bulkheads. The Payload Acoustic Environment for Shuttle 


(PACES) computer program and a one-quarter scale model were 
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used to determine the effect of payloads on the payload bay 
acoustic environment. These tests predicted that the magni- 
tude of pressure waves would increase as dimensions of the 
payload increased [Ref. 1]. 

Actual vibro-acoustic data have been acquired and 
reported by the NASA Dynamic, Acoustic, and Thermal 
Environment (DATE) Activity. This data base consists of 
data recorded on DATE instrumentation, and the Development 
Flight Instrumentation system. Instrumentation included low 
and high frequency accelerometers on STS flights Two through 
Five, and microphones and high frequency accelerometers on 
peomeclight Nine. Results indicated that the pressure equal- 
ization vents were a source of discrete frequency components 
between 280 and 340 hertz, with some tones at sound pressure 
Saeeoeoighhas 134 dB (re 20 pPa), |Ref. 2 : pp. 3, 17]. 


eee DEFICIENCIES IN EARLIER DATA 

As reported in [Ref. 2 : p. 79], DATE activity noted 

data deficiencies iriclude 

- lack of data from the foreward one-third of the payload 
bay, 

- lack of data on transonic acoustic environment due to 
vent noise, 

- unknown effects of launch vehicle configuration and 
changes in payload, 

- unknown effects of launch site pad and terrain at 
Kennedy Space Center and Vandenberg Launch Site, 

- possible error in microphone data due to mounting close 
to bulkhead and housing the microphone in a partial 
enclosure, and 

- possible misinterpretation of DATE microphone data due 
to interaction of the microphone and the isolation 


Svioeen. 


ds) 


D. PREVIOUS MICROPHONE VIBRATION ISOLATOR 

Since this 1s a report on the development of a new 
microphone mounting, a comparison with the mount wuseqduiae 
earlier noise measurement is of interest. Because the 
previously used mount was not available estimates of its 
properties were obtained from a photograph, some material 
properties, and simple vibration isolator design themes 
Figure 1.1 shows a Goddard Space Flight Center vibration 
1solated microphone used to gather acoustic data on a 
Previous SiS fiance The isolation system consists of a 
fixed-free mass loaded bar. The masses are a microphone and 
an equivalent mass, both attached to mounting plates which 
are affixed to a silicone rubber material that acts as a 
complex spring to provide a restoring and damping force. 
The resonant frequency was estimated using measurements 
taken from the photograph. 

* Photo scale, .7 mm =} 1 ea 

* One mounting plate, > x ieee 

* One mounting plate, aluminum, density = 2.7 gr/cm * 

* One mounting plate, mass ,Mp = 8 grams 

¢e One rubber isolator pad,L,W,t = 1.5 * 1.55% see 

* One rubber pad, mass Mi = negligible 

* Rubber pad Durometer A30, shear modulus G = 3.5 x 10° 


Pascal 
* Loss tangent = unknown 
* One microphone, mass, Mm = 60 grams 


Based on the shear modulus of elasticity, the effective 


Young's modulus stated in [Ref. 3 : p. 3] for One isonenuae 
pad is 
E., = (1+8S’)3G (1.1) 
where for a rectangular pad 
Bae (l2Z 
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Pigure 1.2 Microphone and GSFC Mount 





and 
Ae Area of one loaded face, A = LW 
total unloaded surface area, 2; Lt+ Wt) (1.3) 
yielding 
Eg = 22 x 10° Pascal (1.4) 


ay 


? 


Using this effective modulus, an equivalent compression 


stiffness may be calculated: 


AE on 


kk. a 
ho t (1755 
where 'A' is the area of one loaded surface ana oe 
distance between loaded surfaces. Thus 
K ompremices = Manges = | 200mm Ome Nm (1.6) 


A resonant compression frequency is then calculated using 


the well known equation: 


] ——.—$$$ KK 
f compen = 5—" K compresoni(Mim+ Mp) = 270\ Herz (laa 


Similarly, for shear, the stiffness ls: 
= Glw 5 3 T 


and 
{ioe 5K sul (vim + Mp) = 110 Hertz (15a 
T 


As discussed in Part II, Theory, this implies that the 
1solator was, in fact, an amplifier in the frequency ranges 
of interest. In a recent contractor: analysis of the 
isolator [Ref. 4 : pp. 1-3], resonant frequencies were meas- 
ured to be approximately 100 Hertz in compression, and 


shear. 


E. GET AWAY SPECIAL CONTAINER (GAS CAN) 

Apparatus to measure and record the payload bay vibro- 
acoustic data is mounted in a GAS CAN, which in turn will be 
mounted on the forward bulkhead of the shuttle payload bay 
(EioQure. abe )e The G-313 GAS CAN, is a Standard five cubic 
foot cylindrical container, with a specially modified outer 


lid, and an additional specially fabricated inner pressure 
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incu ticsGas CAN described in [Ref. 5 : p. 12] is made of 
aluminum throughout, and pressurized to maintain about one 
atmosphere of pressure. The standard lid was modified to 
house the three microphone isolation units, a speaker, and a 
melmhnolz tube illustrated in Figure 1.3. 

The inner pressure lid is an eight-inch deep flanged cap 
that mounts below the outer lid, and encloses the loud 
speaker sound source and three microphones mounted on the 
eucer lid. This inner lid provides the pressure seal for 
file COMcents not mounted on the outer lid. Details of the 
electronic package, bubble memory unit, and power supply 
shown are discussed in other NPS Theses that support Project 
C-313. The mounting of these units in the GAS CAN is 
illustrated in Figure 1.4. 
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A. ISOLATION REQUIREMENTS 

Figure 2.1 shows the maximum acceleration spectral 
density from random structure borne vibrations to which GAS 
payloads may be exposed. [Ref. 5 : p. 57]. These vibratory 
loads can interfere either constructively or destructively 
with airborne acoustic signals. 

The specification for the vibration sensitivity of the 
model 2510 ENDEVCO microphone is the equivalent of 105 dB 
Pelee (re 20 pra), at one peak g. Based on the vibration 
spectrum, the microphones will be exposed to a peak acclera- 
mom Of at least 7.5g. This results in an equivalent 
eeoustic level of 123 dB SPL, a level that would be signifi- 
@eamct 1f purely acoustic. 

RMS acceleration (g loads) for one third octave band 
center frequencies, fo, were derived from figure 2.1 by 
first computing the bandwidth (BW), and then computing the g 
ihoad : 


BW = f,(2° - 12" 


(Zee) 
and for frequencies between 20 and 80 Hertz 
g load = V .125(BW)(£)/80 (2.2) 
between 80 and 1000 Hertz: 
g load = v_ .125(BW) (e273) 
and between 1000 and 2000 Hertz: 
g load = Vv .125(BW)(1000)/f. (2.4) 


Table I lists the equivalent single frequency RMS g loads 
for one third octave band frequencies from 20 to 2000 Hertz 


and the corresponding bandwidths. The response of the 
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microphones to these vibration induced structural g loads 
may be reduced by mounting each microphone in a vibration 


isolation device. 


TABLE I 


Venere o WOADS FOR SHULTTLE PAYLOADS 


FREQ BAND G LOAD 
WIDTH 
(HZ) (HZ) (RMS) 


20.0 
faa) = (8, 
ole 
40.0 
30.0 
63.0 
B0O.0 


-58 
- 48 
- 60 
-76 
5 AS 
Le Pea 
1 yee 


100.0 aS 1.70 
125.0 : 1.90 
140.0 2 2.15 
200.0 Baa 
250.0 2.69 
315.0 : SOe 
400.0 3.40 
500.0 3.80 
650.0 Any, 
800.0 4.81 
1000.0 3 5.38 
1250.0 5 5.38 
1400.0 : 5.38 
2000.0 5.38 





meee SLNCLE DEGREE OF FREEDOM ISOLATORS 

A single degree of freedom isolator requires only one 
axis of a coordinate system to describe the motion. As 
mereea in {Ref. 3 : p. 22], the equation of motion for the 
mass of the simple spring mass damper system with a moving 


foundation shown in Figure 2.2 is 


mx + c(x — y) + k(x — y) = 0 (2.5) 


Zo 


suspended mass 

Sc) ee = 
damping coefficient 
mass displacement 
foundation displacemene 





PicuvesZ 2 Simple Spring Mass Damper System 


and if 


z= x-y (20am 


and the foundation oscillates according to 


then 


and 


y(t) = Y,cos wt (Zea) 
54 S24 Kz = w’Y,cos wt (2. ey 
m m 


X, is the peak amplitude of the mass Ss )dispiacerers. 
xX 1s distance the mass is displaced 
Y, is the peak amplitude of the foundation's dispilaGes 
ment 
y is distance the foundation is displaced 
mis the mass of the object supported 
c is the damping coefficient 
k is the real spring constant or sti eae 
Gr 1s the undamped natural resonant frequency 
@ is the angular frequency of the oscillating founda- 


jealiesal 


Zo 


w = “k/m (2.9) 


In non-dimensional form this is: 
Z + wz + w,Z = w’ Y,cos wt (22 10) 
where € is the viscous damping ratio 
t= "5 (pins) 
and 
c. = 2”mk (2.12) 


memene Critical damping coefficient or that value of damping 
@eerfticient above which no oscillations occur. To solve 
this equation we must determine either € and Bl Oe Vasigh= 
damping coefficient and the static spring constant. 
oe hex oom CONStTAnt 

exslatevars materials provide both stiffness and damper 
characteristics, which may be represented by a complex 
spring constant, k*. As developed in [{Ref. 3 : p. 22] and 
mer. 6: pp. 4.8-4.11], 


Sie Gill io) (2.13) 
where G* is the complex shear modulus of the material at 


frequency a. Then 


k = kG (2.14) 
where k, as stated in [Ref. 3 p. 23], is a geometric factor 
With dimensions of length. For compression 

eee (tp S) A (2.15) 


t 


and for shear 


ay 


(2.168 


A, B, S and t are as described in equations 527s see 
6, the loss tangent, is the ratio of the imaginary toes 


modulus as shown in Figure 2.3. 








PIOULre. 2.35 Complex Modulus of Elascme aa 


6 is also referred to as the loss factor and in many 
materials may be a function of frequency. It can be shewa 
that for €<.3 that 9 §=Z€ [Ref. 3 = p. 3) -baquireu eee 
Simple system uSing a complex spring. 
2. Viscous Damvoing Ratio 

The solution to the homogenous equation of motion 
for the case where €&<1l is a damped Sinusoid that oscmen a 
at the damped resonant frequency wg and decays exponen- 
tially from the initial displacement aceeuamn mime 


= 


x(t) = Xe. “/sini(oseemy (2.17) 


Zs 


suspended mass 

complex stiftftnes 
displacement of mass 
displacement of foundation 





Figure 2.4 Complex Spring System 


This represents the free vibrations of a damped system. The 
degree of damping, &, may be determined experimentally by 
logarithmic decrement techniques. The log decrement, A, is 
the natural logarithm of the ratio of amplitudes of two 


Successive cycles of the damped free vibrations: 


A = Ina! (ee) 
where i 
X= X,e ‘on! (219)) 
and 
Ma DO (22 On) 
then 
— fun t 
X, ce 
xy ea et (2.21) 
0 
this reduces to 
Xr efze 
% CZ 22: 


Za 


Somenat 


xe ee (2.23) 
thus 
fayeoe (22am 
27 


3. - Lransmiseiba liey 
The isolation system will be excited by shuttle 


vibrations that are equivalent to either a time vVariaeie 
force F(t) or displacement y(t) acting on the base of the 
microphone isolatcer. In either case, the transmissi— 
bility e€(dB) as developed in [Ref. 7 : p. 80] and [Ref. 3 
De 27] Wilde be 








For the viscous damper the transmissibility is 
1 + (2): 
Eva) = 10 log = (2. 2em 


(1S Cee 


and for the complex spring it is 


es): ve 
EiaB) = 20 log —E 
»~ fw \? Gol’ , 52 (2.299 
ea] GJ 
where gw 1s the operating frequency. For a rubber of Type 


I, {Ref. 3 : p. 27], the loss tangent is about .1 ,the shear 


modulus is independent of frequency and 
G, = G, (2.268 
The isolators discussed in this report were analyzed 


using both viscous and complex models. The results are 


compared in Chapter IV. 
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Tit. EAPERIMENGAL APPARATUS 


Experiments to measure the microphone's vibration 
ogame and the transmissibility of the isolation systems 
employed a shaker table, a wave form generator, dual channel 
spectrum analyzer, two low noise preamps, three accelerome- 
ters, and an anechoic chamber. Microphone calibration and 
comparison, free decay, and environmental tests did not 
require the shaker table. A computer controlled interactive 
program was written to drive the shaker table and record 
results. Figure 3.1 is a block diagram of the apparatus as 
well as lines of control and information flow. A copy of 


the program is in Appendix A. 


A. VIBRATION EXPERIMENTS 

Vibration experiments were performed to determine the 
response of the microphones to vibration and the transmissi- 
bility of the isolation system. 

1. Shaker Table 

The Model 120-S PERMA DYNE Shaker Table was the 

primary experimental apparatus. The unit is an electrody- 
namic shaker that was used to produce sinusoidal accelera- 
tion wave forms. The force generated by the shaker was 
proportional to the instantaneous current supplied by the 
APS Model 114 Power Amplifier. The shaker used a symmet- 
rical permanent magnet circuit for maximum force/current 
linearity and minimum stray field. The shaker table was 
used to vibrate both the microphones, and the vibration 
1solation system at the one-third octave band frequencies 
and g loads listed in Table I. Microphones were vibrated 
radially in both the X and Y lateral directions across the 
mace Of Che microphone and in the axial, or Z longitudinal, 


direction perpendicular to the face of the microphone. The 
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isolation system was vibrated in the radial (X lateral) and 
Poa ( Ze longd uudanal) directions. 
Zee cbeanp li tiers 

Two low noise ITHACO amplifiers amplified the micro- 
phone and accelerometer output voltages by a factor of 100 
during shaker table tests and by 10 during free decay tests. 
A bandwidth was selected to pass frequencies between 3 and 
3000 Hertz during shaker tests and between 3 and 30 Hertz 
during free decay tests. The preamps were always operated 
on "BATTery" to reduce electronic noise. Line losses to the 
preamps were accounted for in the control program by using 
voltage divider techniques on the circuit shown in Figure 


e.2. 


: Accel. capacitance 
: Line capacitance 


: Accel. generated voltage 
: Input to preamp 





stale gblai= am Cpe Mrerophone=Amplifier Cireuit 


The acceleration sensitivity was determined using 


the manufacturer's charge sensitivity and capacitance as 


follows: 
1. VY = Qe = 7 pCe = geax 10-4 Wig Coo) 
m g & 830 pf 
so that 
m = 1158g/V (eae) 


oc 


Applying the voltage divider equation the voltage due to 


acceleration (V is determined: 


g) 


Bash 


then the accelerometer's acceleration or Geloadaus= 


= 1.398 V, (3.3) 


a = Vim = 1.398 V,( 1158 g/V) = 1618 V, (355 


3. Accelerometers 
Three ENDEVCO Model 2225M2 accelerometers were used 
to determine the shaker table g load, isolated microphone 
replica g loads, and to measure the amplitude and frequency 
spectrum during free decay tests of the vibration isolation 
system. The specifications for each accelerometer are wm 
Table LL: 


TABLE II 
ACCELEROMETER -SPECTE Te eee 


- 


serial Charge Capacitance Transverse Voltage 
Number Sensitivit Sensitivity Seng 


(pC/g) (pF) (2% max) (mV¥/q) * 


oe Vs sore 
ny Ze a s050 
Pia ay 2os7 
*Includes line loss capacitance = 308.3 +/- 7/15 52. 





4. Oscilloscope 
A Tektronix Model 464 Oscilloscope was used to 


monitor the shaker table and test item accelerometer output 
wave forms for erratic behavior. The oscilloscope was not 


computer controlled. 
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D a eonpucer  eeontrolled Apparatus 
An HP-87XM desk top computer was used to control 


frequency and voltage inputs to the shaker amplifier, and to 
obtain the required g load from the shaker table. At the 
required g load the computer controlled equipment measured, 
recorded, and printed the microphone output voltage 
response, or isolator transmissibility, and test item data. 
Figure 3.3 is a sample printed output. 
a. Hewlett-Packard HP-8/AM 
The HP-87XM Series 80 Personal Computer contains 
124K bytes of memory, and was fitted with Input/Output and 
Plotter ROM's. Mass storage and printed output were 
provided via HP-IB connections to an 82190A Flexible Disc 
Drive (two drives), and an HP-82906A Printer, respectively. 
b. Hewlett-Packard HP 3314A Function Generator 
The Function Generator was used to provide 
continuous sine waves to the shaker amplifier at frequencies 
ema voltages Controlled by the HP-8/XM via the HP-IB. 
c. Hewlett-Packard HP3582A Spectrum Analyzer 
The HP-3582A is a dual channel spectrum analyzer 
that provides simultaneous frequency and voltage analysis of 
@ual inputs. {It was controlled via the HP-IB from the 
HP-87XM to take four samples of the accelerometer voltage 
measuring shaker table loads, then measure the RMS average 
amplitude of this voltage. If, based on manufacturer's cali- 
bration and line losses, the accelerometer voltage corre- 
sponded to the required g load, the computer directed the 
analyzer to read the output voltage of the test item at that 
frequency. If the g load was too low or too high a corre- 
sponding linear adjustment of the function generator's 
output voltage was made and the entire process repeated. 
Required g load tolerance was selected interactively. 
Channel A read shaker table g load voltage, and 


Channel B read test item voltages. In the dual channel 


oho. 


ITEM RESPONSE TS yy eee 
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Sad 
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EAs = 7.0 S4.5 jet ove 8) ears 6 60 ~40 
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Soc eet $7.50 S7.7 i2ee .o5 oS 
ae comer S7.50 1646.¢ 72S 1.20 1.19 
Sc.0 eames Se7aG° 272 ,0 oe oe jena oh 
Leauice ele, Sees) Voae om je eo) La PAB. 
PSO i225 RAO.35 441.0 Le Zo 1.90 1.989 
Poo 11.¢ BE.92 541.0 tecee FE ea Pa: 
200.0 25.4 62.60 6354.0 1.480 ae aye 
2580 bG24> “Loe Scie) 1.4650 2.49 ae 
Paes) ES-4 “10402 eres o L.870 BOe Bem 
aio a) aera) [8.9 1023.81 ape? es Ye: =.40 Bee 
50.0 So28 i1G62,86° GaG.0 a ee) SG 2268 
ogee) aces Cag 0 tore ene 7.440 ny | Ae 
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mode, 128 bins were available for the 500 Hertz span 
selected and corresponded to a 7.25 Hertz bandwidth. Dual 
channel configurations, parameters, and specifications are 


eijown in Table III. 


TABLE III 
Meeooec esol EeleICALTIONS AND SEITINGS 


CHANNEL A CHANNEL B 
SeClr TCURATION: 


sensitivity IL Souls Seances 


Span BO Omni 
Passband shape 

Number of Averages 
PARAMETERS : 

Dinecwneeona Lenguh 

Ole spacing | 

Equivalent Noise BW 





6. Free Decay Experiments 


Free decay measurements of the isolation system were 
made to acquire independent values of the system's damped 
resonant frequency wq, and the viscous damping ratio &€. 
Decay measurements used the previously discussed ITHACO 
preamps and ENDEVCO accelerometers, and the following addi- 
tional apparatus. 

a. Microphone Replica 

A microphone replica identical in shape to the 
test microphone was machined from aluminum. A cutout was 
made on one side to house an accelerometer to measure radial 
Vibrations. A threaded shaft was attached to the bottom of 
the replica to attach another accelerometer to measure axial 
vibrations. The replica was mounted in the isolator for 
axlal and radial free decay and for static spring constant 
tests. Figure 3.4 shows the microphone and microphone 
replica with installed accelerometers. Total mass of the 
microphone replica and attached accelerometers is 47.7 


grams. The actual microphone mass is 40 grams. 


a7 


rte genet teeCOU ET: a ; 
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AIR KIS HGID LIOR 
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bee > a. $ 2 
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REPLICA WITH ACCELEROMETERS 





Figure 3.4 Actual Microphone and Replica 
b. Hewlett-Packard 3561A Dynamic Signal Analy zen 

The HP 3561A is a single-channel, Fast Fourier 
Transform Signal Analyzer. It is capable of measuring full 
scale input signals from 22.39 Vrms to 2.82 mVrims. AlGio@ta 
it may be remotely programmable via an HP-IB, this cCapa- 
bility was not used. The HP-IB interface was used to 
provide plots of the frequency and time response using an HP 
7470A plotter. To obtain the free decay trace and frequency 
spectrum, the analyzer was operated in the manual arm, and 
source trigger options over a span of 100 Hertz. Resolucia® 
at this span setting was .25 Hertz. The test was conducted 


by orienting the isolation system to excite the microphone 


Be 


Bape ane the selected accelerometer. The replica was 
fence casplacead gand then released. The output of the 
accelerometer positioned along the axis of vibration trig- 
gered the analyzer to obtain traces of the free decay and 
frequency response. The trace was then dumped to an HP 
meV OAsplotter via HP-I1B. Figure 3.5 shows the plotted output 
of a free decay test. Figure 3.6 shows the analyzer 


settings. 


Pee SsLAriC DISPLACEMENT 

Radial and axial static stiffnesses for the suspension 
system were determined by static displacement techniques. 
The microphone replica was suspended in the isolating 
Canister uSing the test material. A wire was tied around 
the replica and the free end passed through the side or 
bottom of the canister for radial or axial tests as appro- 
priate. The canister was mounted on a ring stand and a 
ruler placed along the length of the exposed wire. A hanger 
was attached to a loop at the end of the wire. Weights were 
added to the hanger and the deflection of the replica noted. 
Similar techniques were used to determine the Young's 


modulus for a single strand of the bungee material. 


e= MICROPHONE CALIBRATION 

Calibration and comparison experiments were performed to 
verify the test microphone's frequency response. The first 
experiment compared ENDEVCO microphone serial number BJ-66 
to a GenRad one half inch Electret Condenser microphone type 
1560-p-42, Serial No. 4656. Table IV is performance data 
for the GenRad microphone. pRereS = Dp. a7). The second 
experiment compared BJ-66 to ENDEVCO microphones BJ-56 and 
BD-37. These experiments were conducted inside the anechoic 
Chamber at the Naval Postgraduate School. 

In each experiment, the microphones were placed immedi- 


ately adjacent to each other, 24 feet diagonally across the 
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chamber from a 14 inch diameter speaker, and five feet above 
speaker level. An HP 3314A Function Generator was 
programmed to sweep from 25 to 2500 Hertz at a sweep 
interval of 100 msec to provide broadband excitation of the 
microphones. Figure 3.7 shows the output spectrum of the 


Function Generator. 


TABLE IV 
TYPICAL PEREORMANCE OF GENEAD EREGin aa 


Frequency system Dynamic 
Range pene ve aan ex 
a 


(Hz re Vole, 
19K -40 dB 30 - 1457468 


'A' weighted noise level to max RMS 
Sinewave signal without clipping. 


re 2 uPa 





Microphone response was recorded on the HP 3561A Dynamic 
Signal Analyzer using both linear O-2000 Hertz and one jth 
octave bands from 1235) to 20,000 henrez The results of the 


calibrations are presented in Chapter IV. 


D. ENVIRONMENTAL EXPERIMENTS 

Three environmental experiments were conducted to deter- 
mine if temperature affected the damping and resonant 
frequency properties of the microphone isolation system. 
Tests were conducted using the microphone replica and 
isolation system at 5 °C and 65 °C, the expected minimumgana 
maximum environment temperatures during launch. No signifi- 
cant deviations from resonant frequencies or damping ratios 
obtained at 20 °C were noted. The test apparatus included 
the microphone replica,the microphone suspension system, an 
insulated refrigeration unit and a hot plate. The insulated 


refrigeration unit was used to cool it to 5 “© anaetie wea 
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decay noted. After securing the refrigeration unit , the 
hot plate was placed in the unit and at 80 °C the free decay 
was again tested. A low temperature test was also 
performed on a strand of the microphone suspension material. 
A 2 inch length of material was attached to the ends of two 
copper rods and cooled to -144°C by liquid nitrogen and then 


stretched a minimum of 1 inch withoue preacemce 
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IV. RESULTS 


Triaxial vibration response data was obtained for 
ENDEVCO microphone serial number BJ-66. Acoustic tests were 
made to compare the three ENDEVCO microphones and the GenkRad 
frerophione with BJ-66. Table V summarizes the microphone 
vibration and noise response in the x,y,and z directions 
Peeenout the isolator. Radial and axial transmissibility 
tests were conducted on similarly constructed isolation 
systems using different materials: bungee cord and elastic 
thread. The bungee material was selected. The isolator had 


a resonant frequency below 15 Hertz for each axis. 


TABLE V 
ENDEVCO MICROPHONE BJ-66 RESPONSE suMMaRy? 


—_~ 


EQUIVALENT’ MICROPHONE? SHAKER* 
DIRECTION OVERALL OVERALL 


NOISE 
dBV(RMS) re dBV(RMS)re 
Voltt(20 pPa) 1 Volt(20 pPa) 


Lateral -73 cS -83 LOS 
Lateral iS -73 Ls -83 LOS 
Moagitidanal’ 126 SS) Za SHS ne 


With me amplification. 

Microphone output when attached to shaker. 

Bee Lop eene output as measured on HP 3561 while 
attached to shaker table. 

A measure Of ambient shaker noise. 
HSS Sascha Output as measured on HP 3561 while 
moO labour bom Vibration buct focated in same 
position relative to shaker table. 





Pee VLBRATION RESPONSE OF BJ-66 
ENDEVCO transducer serial BJ-66, P/N GC 1346742-11-031 
was the primary test microphone. Figure 4.1 represents the 


microphone response to vibration and shaker noise, and 
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Figure 4.2 the response to airborne shaker noise only. One 
third octave band plots of internal microphone noise, shaker 
table noise, and both shaker vibrations and noise are shown 
in Figure 4.3 The overall sound pressure levels were 10 to 
15 dB below those expected to exist, and the difference 
between vibration/noise levels and noise only levels was an 
average of 15 dB. This low response to vibration enhances 
the microphone's use for measuring acoustic pressure magni- 
tude. The quality of the data could be improved signifi- 
cantly at frequencies less than 100 Hertz by developing an 
isolator that would lower the vibration response at least 10 
dB from peak levels below 100 Hertz. 


B: SENSITIVITY "COMPARTSON 

Tests were conducted in the anechoic chamber to deter- 
mine the sensitivity of 5BJ-66, and to verify that Veae@ 
microphone had similar acoustic response. Sensitivity tests 
were performed by comparing the voltage output of BJ-66 to 
the GenRad one-half inch Electret. [Ref. 8 : p. 27] speci- 
fies that the Electret microphone has a sensitivity of -61.8 
Volts/pbar. Tests showed that BJ-66's average response 
exceeded that of the Electret by 3.2 dB as shown in Figure 
4.4 The sensitivity of the ENDEVCO was then determined as 
follows: 

sensitivity = GenRad sense - 20 log 200 - 3.2 dB 


(4.1) 
= 111 dB re 1 Volt/nbar 


This compares favorably to the sensitivity listed on the 
specification sheet of -1l13 dB re I Voiv; bar bic ae 
depicts the difference in level between the outputs of the 
ENDEVCO and the GenRad microphones in one third octave 
frequency bands for preamp settings of X100 for the ENDEVCO 
and Xl for the GenRad. No statistical data was obtained. 


Figure 4.6 is a linear comparison of voltage response to 
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VIBRATION IS FARALLEL TO THE FACE OF ITEMsX LATERAL AXIS 


ITEM RESPONSE TO VIBRATION 


ITEM NAME: MICROF HONE 
MANUFACTURER: ENDEVCO 
FART NO.: 6C13446742-11-071 
SERNO: RI66 
DATA FILE NAME: X¥BJ66U1A:D701 
DATA DISC LABEL: . 
FREQ ITEM SFL/ INFUT ACCEL REQ’D ogs No. 
VOLTS xXMISS VOLTS VOLTS G LOAD G LOAD TRIES 
(HZ) (uv) (DB) (MY) (MY) (oes) SG Ss) 
20.0 5.4 2.595 £79.0 as 28 .28 4 
25-50 7.9 Samo 9227.0 2295 .48 .48 4 
Si. 5 5.5 86.93 155. Nag Aas .60 .60 = 
OTD. ee 89.55 98.1 .470 .76 .76 2 
50.5.0 al are 88.24 98.9 .590 95 95 & 
53.0 2a. 94.26 167.0 738 1.20 12095 S 
80.0 25.0 S16 ms a7 0 ~937 OSS feos Pi 
moo,0 2c. 94.85 =55. ios ita © fo 2 
es. 0 78.7 96.57 4427.0 igen C 1.90 1.89 & 
160.0 Sow 97.78 541.0 12520 ae iS alten iee' a 
700.0 josie 99.90 628.0 1.480 eeat cae 2 
250.0 S77 ae Oee SS I7c5.0 1.65 2.49 B57 2 
15.0 aes 96.20 755.0 1.870 Sos Os fi 
400.0 2S 96.20 857.0 alas HOTS. e240 S40 © 
Ae Soo 99.276 924.0 Dy AS 2.80 oo Rs 
620.0 cay) l@e. 01° 942.0 BAG Aw Bey. Bey. e 
800.0 Toece 105.40 Sc 0 2.980 4.81 re ee = ey 2 
1000.0 94.0 106.87 592.0 E BSO. 5.38 Si. oe 2 
feao.0 101.0 107.50 27. 3 Se Foe Bees? 2 
1600.0 215.0 115.98 767.0 oo 5.78 Seo a 
2000.0 78.1 96.59 1451.0 3.200 Si SS i Tee: Bs 


tvemeact BAND SPL: 116.8 DB. REF LEVEL 4.26mV @ 140 DB. 
SEMMeENTSs: 
Seer ttloos heap SPL FOR MEASURED VOLTAGE RESPONSE. 
Reabes Aliso GFOR MEASURED TRANSMISSIBILITY. 
G LOADS OBTAINED WERE WITHIN 1.0% OF DESIRED VALUES. 
ALL VOLTAGES ARE WITHOUT AMPLIFICATION AND I[NCLUDE 
BNE @EOSSES 10 FREAMF. 

TEST CONDUCTED IN ANECHOIC CHAMBER. RADIAL VIBRATIONS. 


MICROFHONE WAS UNCAFFED AND ORIENTED AWAY FROM CABLE FORTS 


Figure 4.1 Microphone BJ-66 Lateral Response to 
Shaker Vibration and Shaker Noise 
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ITEM RESFONSE TO VIBRATION 


TEST ITEM IS NOT VIBRATING, BUT IS EXPOSED 10 Sheba, eee 


ITEM NAME: MICRO Ae 
MANUFACTURER: ENDEVCO 
Paki (NGS: 6C1346742-11-021 
SERNO: BJ66 
DATA FILE NAME: NBJG6UK9:3D701 
DATA DISC LABEL: Ss 
FREQ eG Sy) SPIE/ INFUT ACCEL REC'D OBS NQ. 
VOLTS” -xXtirss VOLTS VOLTS G LOAD G LGAD TRIES 
(HZ) (uV) (DB) (MV ) (MY) (G's) (G's) 
oO o> wel: 2550 eas 229 228 l 
ae res sy) CON 8, BAS 5 She 48 I 
ees) Lee, 69.14 1355. « 266 70 ao, 1 
40.9 ed 66.64 Fae rae 471 oro 770 1 
ao 20 ba 69.14 Tole 7 oar ue) ae 1 
eo—e0) Pos 69214 “16720 744 he; B®, Le ate i 
80.0 a fee lO) yee ra Nis ae ee ae 1 
100.0 rg Slee a PESTS) 10, 1.040 AD. hoe i 
a0 Wir ES 84.790 442.0 Do toe MES Ae, imeo I 
160.0 Saal 86.04 34120 eo LO owe P| IL 
200.0 Loe 92.00 6260 1.470 =e 41 fees i 
Za020 20.4 101.46 Eee 1.640 Bien fin eel 1 
lei 6957) 1045550 7 as. 1. eoo aa 0 P2 eo M 
400.9 S227 106202 Sesa7. © 22078 32 40 ae eos 1 
700. 0 Sy =) 9) 98.54 9724.0 se 240 BS), Bn, Teo: 1 
650.0 45.0 I1G0 79S o4a20 Sos) toc s Ree 1 
BO0.0 21.4 Teco a ae eae Pale real, 4.81 47 if 
1900.0 ply mae A Soma Ws ea we 240 are we 40 1 
f2a0. 0 =O.4 poo) SG! we 240 ae wea4 1 
1660.0 Ses) 945085 £7 G7 20 ieee v.28 eee 1 
BOO 2) 42.7 loop oe es i4al.o = 300 S) ex Seat 1 
OVERALL. BAND SFL: 10° .8 DB. Ree eevee 4.=6mV @ 140 DB. 
EOMmMenNiSs 
SPL/XMISS: READ “SPL° FOR MEASURED VOETAGE Rese eiisae 
READ “XMISS° FOR MEASURED TRANSMIiSateteiee 


ALL VOLTAGES ARE WITHOUT AMPLIFICATION AND INCLUDE 
LINE LOSSES. tO Reena. 

TEST CONDUCTED IN ANECHOIC CHAMBER. RADTALSYIERen reise 
MICROPHONE UNCAFFED AND ORIENTED AWAY FROM CABLE FORTS. 
VOLTAGE LEVELS CORRESPOND TO THOSE FRGM FIEB .eieeuoe 


Figures4.2 LCE OR one Bal-Go 
Response to Shaker Table Noise Only 
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broadband noise between 25 and 2500 Hertz. A trace of the 


source was shown in Figure 3.7. 


C. COMPARISON OF ENDEVCO BJ-56 AND BD-37 TO BJ-66 

A comparison of the three ENDEVCO microphones response 
to identical acoustic signal showed each had nearly iden- 
tical response. The test was conducted in the anechoic 
chamber using the same 25 to 2500 Hertz source. Figure 4.7 
shows the output of each microphone and the internal noise 
level for BJ-66. Internal noise for each microphone was 


also nearly identical. 


D. FREE DECAY AND STATIG» SEP EEG EEo|| 

Axial and radial test results were used to determine 
values of the damping coefficient, and damped and natural 
resonant frequencies of the isolator constructed with the 
bungee material. Separate damping ratios were determined 
for the positive and negative peaks of the amplitude traces 
and an average taken. Static tests of a single strand of 
bungee material was used to determine the material's Young's 
modulus. Table VI is a summary of the results. 

Figure 4.8 and 4.9 shows the frequency spectrum and 
amplitude trace for a radial free decay test of the bungee 
material. Figures 4.15 and 4.14 are plots of static spring 
constant test data. The bungee material was selected to 
isolate the microphone because it was linear over the 
expected range of displacement and it was easy to handle. 
The bungee material's tension was easier to set and the 
material was easier to control. The bungee material did not 
absorb epoxy resin and when it came into contact with the 
epoxy resin it could be peeled away without affecting its 
elastic properties. No difference was noted in free decay 
properties between 5S °C and 60 °C. Base ten logarithmic 
plots of amplitude ratios versus period for axial and radial 


free decay are shown in figures 4.10, through 4.13. 
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EAC EE 
FREE DECAY AND STATIC DEFLECTION RESULTS 


Soe leeuwWerlection Free Decay 
Axial Radial Axial Radial 


Stiffness ins © = Za) NA NA 
NexelO/m) — 

amping Ratio NA NA .043 
BRecomane twreq. (HZ), 10 9 ial 14 


Young's modulus : 20 x 10> Pascal 





The cotton covered elastic thread's stiffness was non- 
linear. The outer covering of cotton absorbed epoxy and 
capillary action transmitted epoxy past the point of 


@oncact. 


te =CLRANSMISSIBILITY 

A comparison waS made between results of actual 
transmissibility tests of each bungee material isolation 
system and the transmissibility predicted from the damping 
ratio and the loss tangent. The predicted and actual 
transmissibility were nearly identical from -3 dB at 20 
merius tO -32 aB at 100 Hertz. The microphone's inherent 
vibration insensitivity, plus the low transmissibility of 
the isolation system will allow the microphone to respond 
Peer oltaccorily te air-borne acoustic vibrations at, or above 
AO Hertz. Figures 4.16 and 4.17 are the transmissibility 
curves for the bungee material. Curves for the predicted 
viscous and complex modulus transmissibilities were obtained 


uSing equations 2.25 and 2.26 respectively. 


55 


seo coos € “dOls 


|Xjeal ht bh at, ha Sy. =H GS 


a 


mA efeK efoto fe le fo te > & FF & F F F §€ € 4 «ef oh eho he fe 


ZH COOL ‘dOLs. 


en ee ee ee ee ee ee -- . ess eee - -mes oa . -_ es 


(alee 12 SS ieNe, Zs) 10) 


-_-— = - 6 ye ee a re 





Se ella eae es 6 6 8 © © « « 6 6 6 © © @¢ @ 8 @ 8@ @ @ @ ec eee Oe eo 6€ ses 6 Oe 8 eG CeO wee wwe eee we ee eo ee ew eee eC we Oleh rt hl Cl TCU OC OCU CU UHC Ol FV ee he heel 


daSseavad  “SMivis hare 6 1=-)-aoNva 


SAT 
oes 82 "O0E= *LYVILS 


we= 





Bungee Suspension Radial Free Decay Trace 


Figure 4.8 


SS 


il Beets es XK 2H 6 <-xX 
meee 32 ~OU6 —o7 ba ees 


ee er eS EE RS IT He 


sD 6 O80 bb bo 6 6 oO OS Boo 60 GO Ce Cm ee ee a ee reer ee a ee ee ese Tee 


rr aro arma mroun Fot ra creileelte io ie tcureniet ettememe em cilelc) (6) 6. (oelle: @) <0 0, 0) 0). © (o 6) ie, ‘si )1@. je ¢ (es (6) xe # nie 16: leisy 68a 8G 808 0 exe 08 0 8 ee eee eee 





OD) BWIL 'a 
ZH O ?LYV1S 





ls) (Oh! elles Ziel ss) CSS ees, 


ee ce a ee ee ie ee ee ee — Se a 





ST 





mE) / 
eal 
tail 





PS TCU on chic oi oine Perici oi se Casmede medion or siieicis) sis cele 4s Tole neile nel ee lise) 0 ¢ ¢. 0 ):« 6 wemomemien.e 6) 0,6, “sic s (stisareggecre el 68: Ue ne) ye 50) ie) ia) e8.s\ 78) 2 2) 6 29 NE ee ee ea ee 


7H 6 AGP 


Ba 


(eS ey icles te eb Nae eR SIN ie 


Figure 4.9 


Bungee Suspension Axial Free Decay Trace 
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Bungee Suspension Axial Amplitude Ratios 
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Figure 4.13 
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Axial Transmissibility for Bungee Isolator 


Figure 4.16 
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V. SUMMARY AND CONCLUSIONS 


A microphone vibration isolator for the ENDEVCO model 
2210 microphone has been designed, built and tested in the 
MaDOrawery . It provides isolation from expected structural 
vibrations which should permit ambient noise measurements to 
be made from about 20 Hz and higher without contaminaezen 


due to vibration: 1nduced@eregnals- 
Pe BES ae VIBRATION ISOLATION SYSTEM FOR NASA PROJECT 


Figure 5.1 1s a drawing of a microphone suspended in one 
of the three vibration isolation canisters. The suspension 
material is bungee. It is attached to the microphone and 
canister by wraps of kite string. The string is coated yaa 
Stycast epoxy 1266 (Emeron and Cumming, Canton, MA.) using a 


LO VaGram- to 2 Sigqram4rat lo. 


B. RECOMMENDATIONS 

A vibration cancelling microphone, with a resonant 
frequency below 20 Hertz should be produced and procured, 
and incorporated in a program to regularly monitor payload 
bay acoustic pressure levels. Alternatively this experiment 
should be flown regularly on STS flights to record aie. 
acoustic pressure amplitudes in the payload bay under 


various configurations. 
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APPENDIX A 


SHAKER TABLE CONTROL PROGRAM 


SESEESESEREAS LESTE EASES EEEESEEEEERSEEREE PEEP EERE EERE REEL EEEE EEE EEE HEHE 
SEEEERPESEESEA PEE EEE ESSE PEEE EEE EERE EP EPEDEEE EEE EEE EE EEE E EE EEE EEE EEE EEE EE EEE 
SHAKER CONTROL 


This 1s a control progras for space research project NPS-401. It controls 
a shaker table to produce the g loads tor EITHER the one third octave band 
frequencies and g loads contained in the NASA GAS Experimenter's 
Handbook or frequency and g load pairs input by the user. 
The program will obtain a volt/g value at the selected frequency and 
then compute the initial voltage. Linear corrections wil be used to 
in NASA's EXPERIMENTERS HANDBOOK. The prograa will control a function 
generator ,shaker table,and FFT. The function aenerator wili produce a 
sinusoid at the selected frequency and at a veltage agp!itude necessary 
to produce the desired g load. 
Required equioment: 
a. 2 pre aaps with roll off control 
b. computer controlled spectrue analyzer 
c. computer controlled tunction generator 
d. computer terainal 
e, disk drive 
f. printer 
g. shaker table with aap 
h. legedance matching connections as required 
The acceleration will be aeasured on a previousiy calibrated 
accelerometer: ENDEVCO ACCELEROMETER 2225M2,SERNO FD9S. & load response 
will be aeasured with the axis of vioration oriented with respect te the 
article under test. Orientation of vibration axis will be as fellows: 


a.parallel to the longitudinal axis of the base 
b.parallel to the lateral axis of the base 
c.perpendicular to the plane of the base 


After data 1s recorded the sound pressure level 1s calculated. 
The reterence voltage and db level is input interactively. 


When required an identical test article was aounted opposite the 
article under test for balance. 
Required data files: 

a. None. Entries required are in prograe or are 


' input interactively. 


Program data lines: 
a. Required g loads, 6 REQ(M), and FREG(M) are read 
in interactively in ROUTINE titled ‘FEYBCARD’ 
or from data line entries in ROUTINE “FROGRAM DATA’. 
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48 ' Created data files: (data files are created by interactive inputs 
49! and purged before each run.) 
al a. L’CODERUN#:D701, contains array FREQ(M);6 LOADI (i) 


ait the aeasured g load;G REG(H), the required g load; 
ae ! and SPL(Mi, the sound pressure ievel, 

ay: : Used when the axis of vibration is parallel to 
34 ! the longitudinal axis of the base plate. 

oh 

ice ! b. W'CODE'RUN#:D701, sane as LOODE but used when 

aye! the vibrating axis i5 parallel to the lateral 
au ! or width axis of the base plate. 

ae c, V’CODE’RUN$:D701, sage as LCOQDE but used when 

bi) ! the vibrating axis 15 perpendicular to the base 
Gle : plate. 

oe 

i. G.N’CODE RUNS: D791, used whenever the test itea is 
64 ! exnosed ONLY to shaker table NOISE;NOT vibrations. 
oa | 2,1 CODE RUNS: D701, used whenever the test itea is 
64 ! ISQLATED from BOTH noise AND vibrations. 

ae from BOTH noise and vibration. 

48 ! 


69 ' TITLE : VOLTAGE RESPONSE TO G LOABS iVOLTRES4) INTERACTIVE INPUTS 


71 GOSUS DIMENSION ARRAYS 
72 GOSUB INTRODUCTION 

73 GOSUB TEST EQUIPMENT PARAMETERS 

74 GOSUB TEST ITEH DATA 

75  GOSUB TEST CONDITIONS FILENAME INPUTS 
74  GOSUB CONCATENATE FILENAME INPUTS 

77 §OSUB SELECT_DATA ENTRY METHOD 

73 GOSUB PRINT HEADERS 

79 S0SUB CALIBRATE EQUIPMENT 

80  SOSUB TEST AT FREQUENCY 6 LOAD PAIRS 
81  SOSUB PRINT OVERALL RESULTS 

B2  GOSUB CLOSE FILES AND NULL OUTPUTS 

23  GOSUB ANOTHER RUN 


Ad END 
a) i 
GR | RH ERREEREEE REE RE SARE ES ESLER ERS ERE RAE ERE EE LESSEE CEE RE REESE EEE E SEES EEE EL ER 
O7 | eebebbteeeteatse DIMENSION ARRAYS tebe ba teat ee ee tata eeteees ssa ssee tate 
BBR | ERERFERELE RE EAE EERE SEETHER REESE SEER ELE EERE SEER REGRET EEE EEE EE hE EE EEE 
69 = DIMENSION ARRAYS: 
90 OFTIGN BASE t ! Sets all array subscripts to start at 1 vice @, 
{so DEM G_LOADL (25) ,G_L08D2(25) ,6_REQ(25) ,G PER _YOLT{25) ,SPL (25) 
fe DIM VOLT_AC25) VOLT _B(25) ,FREQ(25) ,VOLT_1(25), ITERATIONS (25) 
93 gent 2a) Blea ,G2o) 0125) 
o4 DIA AxIS$(80) 
79 DIA COMMENTS1#040) 
76 DIM COMMENTS?$(40) 
ald DIM COMMENTS3$(49) 
o8 DIM NARESE?B) 
a! 


19) RETURN 
Oe, 


ie 
192 
igs 
igs 
15 
L96 
107 
198 
LU 
116 
ea 
fiz 
is 
114 
iis 
116 


_- alan 


-—_ 


RERRRHESHRTESSSERTASAT TTR ARRR TAREE ERAS AHA TE LEASE TEER EL ER ERE HR LETS 


| £RSSFREREREEEELERSSEE TNTRODUCTION Fb h bbe 4S 8 SEES SS RAGES SS 4E EE 


EREAERHRRE REESE SEAS RE ER EER ES ES SAREE GEER R GATES EEE G4 CEEEE EE EEEE ESET ECE 
INTROBUCT ICN: 


CLEAR 

DESP " THIS PROSRAM CONTROLS 4 FUNCTION GENERATOR THAT INPUTS" 

DISP " FREGUENCIES AND VOLTAGES Td 4 SHAKER TABLE TO PRODUCE" 

pISP " & SPECIFIED G LOAD. THE PROGRAM QUTPUTS THE FOLLOWING: ° 

DISP * A. #FREGUENCY* 

ee B. INPUT VOLTAGE AND TEST ITEM# GUTPUT VOLTAGE® 

CrSe C.REGUIRED AND OBTAINED? & LOADS" 

Tess D.NUABER OF ITERATIONS TO ACHIEVE REQUIRED & LOADS" 
EU E.EQUIVALENT SOUND PRESSURE LEVEL REF INPUT VALUES#. ° 
DISP * F.OVERALL SUUND PRESSURE LEVEL#" 

Cisce. G.TRANSHISSIBILITY OF iSQLATION HOUNT#° 

BISP 


DiSP "ITEMS MARKED WITH # ARE RECOADED ON DATA DISK." 
DilGieeeerteee CURT ie 
CLEAR 


DISF "PROGRAM CODES FOR COMPUTER CONTROLLED EQUIPMENT ARE AS ° 
DISF “FOLLOWS:° 


DISP 

iota. {. PRINTER es ae 
Like 2. FUNCTION GENERATOR : 7i7 ° 
Sse A. SPECTRUM ANALYZER : 711 ° 
Dor = 4, DATA DISC DRIVE =o: 701 ° 
Doh = o. Peo lentes foe aie 
NISF 

Biot @peeoo Cun: 


BATT 1ogg0 
CLEAR 


DESF "YOU WILL BE ASKED TO MGKE VARISUS ENTRIES DURING THE ° 
DISP “INITIALIZATION PHOSE. AFTER TYPING IN THE ENTRY PRESS" 
BISP “THE END LINE’ KEY. IF A YES RESPONSE IS DESIRED ENTER® 
DISP “A ‘1’, ENTER A ‘2° FOR AND 

DISF 

DISF "PRESS CONT." 

WATT S000 
CLEAR 
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143 dDISP "THE FOLLOWING IS A LIST OF INPUTS NECESSARY FOR PROPER® 
144 DISP “PROGRAH OPERATION: : 
143 
144 DISP " 1,MAX VOLTAGE FROM FUNCTION GEN TO SHAKER TABLE IW ° 
147 DiSP “ MILLIVOLTS:V_MAZ.° 


148 =DISP “ 2,PRE ANP GAIN VALUES * 

149 DISP * S.ACCELERQHETER & SENSITIVITY IN &’s per VOLT." 
190 =DISP “ 4. DESIRED TOLERANCE FROM & REQUIRED. * 

131 =DISP " S.TEST ITEM NOMENCLATURE" 


152 DISP " 4. TEST ITEM MANUFACTURER" 

153 D1SP " 7. TEST ITEM SENSITIVITY AT SPECIFIED DB LEVEL IN av" 

154 DiSP “ 8. BESIRED TEST FREQUENCY GLOAD PAIRS IN HZ AND RMS G's." 

1595 DISP * 9.INITIAL VOLTAGE IN aV." 

i156 DiSP " LO.SENSITIVITY OF ACCELEROMETERS IN aV/G FOR TRANSHISSIEILITY.* 
fay UISP 

158 DISP "PRESS ‘CONT’." 

159 PALSE 

140 CLEAR 

tol § 
{42 RET! 
fee | 

154 | ERREERARER EEE ESE RARER ES EERE AREER SEES HE REE ESSERE EGRESS EAA EEE REESE EERETES 
[AS | #etenesaneaaaecenaetaaiaeae® TEST EQUIPMENT PARAMETERS t48+ea4a444 
VU MMESISTISIITICSOTISTSITICTICTCSOST ITIL TTT CCT TL eSTrsCeresereeestetetet es! 
147 TEST EQUIPHENT PARAMETERS: 

168 FOUTINE=1 

169 DISP "ENTER THE DAY, AONTH, AND YEAR; IE 24 JULY &4°" 

176 =o INPUT TGLAY$ 

fm 

172 CLEAR 

173 BISP “ENTER DATA DISC NAME (4,B,C ETC. 3" 

174 = TNFUT DATA DISCS 

ino | 

i745 CLEAR 

ie! 

i78 BISP "ENTER MAX VOLTAGE FROM FUNCTION SENERATGR 79 SHAKER TABLE IN" 
179 BiSP “HILLIVOLTS. MAX VOLTAGE SHOULD NOT EYCEED 3005ay.° 

la) «=o INFUT V_HAX 

fa)! 

i682 fcvesk 


—-4 
= 
a 
= 


fait 


183 
194 
185 
186 
187 
198 
189 
190) 
194 
[ve 
i93 
194 


ioe, 


194 
197 
196 
i997 
290 
201 
202 
sih3 
24 
£05 
206 
Zi] 


DISP "ENTER MAX NUMBER OF TRIES TO ACHIEVE REGUIRED G LOAD BEFORE" 
DISP "MOVING ON TO THE NEXT FREQ/G_LOAD PAIR. THE FIRST 5 ATTEMPTS" 
DISP "USE A LINEAR ALGORITHM, ATTEMPTS & AND UP USE A CUBIC.* 
DISP "IF USE OF CUBIC IS REQUIRED USUALLY SOMETHING IS WRONG® 
DISP "WITH THE EQUIPMENT OR THE WAY THE ITEM IS ATTACHED TO * 
DISP "THE SHAKER TABLE. 10 IS RECOMMENDED." 
INPUT MAX_TRIES 
CLEAR 
DISP "ENTER THE START VOLTAGE IN aV 70 BE USED AT START OF * 
DISP "FREQUENCY G LOAD PAIR." 
INPUT INITIAL VOLTAGE 
CLEAR 
! 
DISP "ENTER FREAMP GAIN FOR THE ACCELEROMETER OR FFT INPUT A 
INPUT GAIN A 


DISP "ENTER PREAMP GAIN FOR THE TEST ITEM OR FFT INPUT B 
DISP * EXAMPLE: IF 20 DB ENTER 10, IF 40 D8 ENTER 100° 
INFUT GAIN B 
! 
CLEAR 
] 
DISF "ENTER ACCELERATION SENSITIVITY FOR ACCELEROMETER IN &’s PER VOLT." 
INPUT ACCEL SENSE 


208 ! 


Ah me 


210 
et) 
242 
he 
214 
21s 
216 
fae 
zis 
21? 
220 


a] 


— 


Pata, 


— <- dn 
ak 
be dew "= 
FY 

224 
Laois 3 
oe 


AAs: 


226 
227 
228 
229 


aor A 
£4) 


CLEAR 

| 
BISP "ENTER TOLERANCE BETWEEN DESTRED AND OBTSINED & LOADS (RAS 9)" 
ISP Tea, FUR ce ENIER 5” 
INFUT T 

CLEAR 
DISP “ENTER A COMMENT LESS THAN 60 CHARACTERS Ir DES 
DISP "HAVE RO COMMENTS ENTER DOUBLE QUOTE MARES. THE 
DSP" ENG LINE 
GISP "yxyxuxk COMMENT LENGTH <yXKy¥NexxxyesexueeNnseeyn ce ee 
INFUT COMMERTSI4 


IRED. IF YOU" 
N PRESS " 


CLEAR 


DIS? “ENTER ANOTHER COMMENT LESS THAN 60 CHARACTERS IF DESIRED. IF YOU" 
DISP "HAVE NO COMMENTS ENTER DOUBLE QUOTE HARKS. THEN PRESS 
BIS? "xvxyxys COMMENT LENGTH vuxxexeseeayx eye Mex ceeKX CREE MEK ERRN 
DISP "'END LINE’. 
IKPUT CONMENTS2$ 
CLEAR 
SOSUE DISPLAY EQUIFNENT PARAMETERS 
GOSUB CHANGE INPUTS 
CLEAR 


Pe 


ma f2 


ee ee ee ne ee oe ed oe De es ee oe | 


eS oe ee ee en ee es es ee 
“Arms = ODO wo ™ oo CO es OY Ko ee 


fe fs $e 
o-" 


23 
244 
263 
246 
2] 
248 
264 
270 
27] 


Be 


IT 
ee: 
at 


2/4 
gs 
age) 
Zit 
278 


279 
ae it - 


J 
: 
! 
1 
« 


HEFSSSAESSPAASE SETAE ATES AAT AAAS SLE PEPE LEELA SLES ERLE PEEL PREP AL EAHA TEED 


| PEERREREEEEEAEEEEEHES «DISPLAY EQUIPMENT FeetdeEERARATEEE TATE EETE EE ES 


FEPERAPESS PERALTA PSL ATE AP EE AP PEEP AT AE EERE ALE PLEA ERTL ERAT EL ER ET TELE SES 


DISPLAY EQUIPMENT PARAMETERS: 
DUGP) DATES soe cosa cesccesseeee ts TODAYS 


D 


ISP "PREANP-GAIN FOR CHANNEL A ....°;6AINA 


PSEe AUCECERONCIER GeENSIIIY] Tieaees AGG oENSt;"6 PER VOLT” 


D 


ISP "PREAMP SAIN FOR CHANNEL B [5..";GAIN_B 


Ge eRe oe EHC Maniteiiimaiines 35 00bR_ DIOLS 


0 


PSBe INI THRE VOLTAGESS eas ssaaeeess G INITIAL VOLTAGE 


DISP 


D 


ISP *CORMENTS® 


DISP COMMENTS 1$ 


p 


RE 
! 


EE 


CL 
CL 


oe 


I5F COMRENTSZ$ 


TURN 

HEEEESELERSSEL SHE SELES SE SESE ER ERLE RSE EE SEES EEE TES ESSE FLEES EE ER REFEREES 
FRSFERERAEESLAERF4TEST TTER DATA, ROUTINE CEFFEFF EES REE TLS HERES A ASE ESTES 
REEEERER ESTEE RTE RE ELSE ERLE ESTE ESE RR SR EE LEER EERE GREE SER EER EEE ES EE EE TE 


TEST_ITEM_DATA: 

ROUT INE=2 

BISP * ENTER TEST ITEM NOMENCLATURE. ° 
INPUT NAMES 

EAR 


DISF "ENTER MANUFACTURER'S NAHE: 7 

INPUT MANS 

EAR 

DISP "ENTER FART NUHEERS " 

INPUT PNT 

FAR . 

DISP "ENTER SERIAL NQ:" 

INPUT SERNOS 

FAR 

DISP "IF YOU SANT SOUND PRESSURE LEVELS OF THE TEST ITEM" 

DiSP “BASED ON A VOLTASE SENSITIVITY AND 08 REFERENCE LEVEL" 

DISP "FOR THE TEST {T7EM,USED FOR MIKE RESPONSE, ENTER 1°." 

ISP 

DISP “IF YOU #ANT TO COMPUTE THE VIBRATION TRANSHISSISILITY IN DR" 
DISP "FOR AN LSOLATICGN MOUNT BY MEASURING THE OUTPUT OF SOTH AN 
DISP "ACCELEROMETER [50LATED FROM VIBRATION AWD ON ACCELEROMETZR" 
DISP "THAT IG NOT ISOLATED ENTER ‘2°." 

INFUT SPL_TRANSMISSIBILITY 

ON SPL_TRANSMISSIBILITY GOTO 281,291 

DISP "ENTER VOLTASE SENSITIVITY IN HILLIVOLTS PER DB REFERENCE LEVEL " 
DISP “FOR TEST ITEM AND LESD TD PRE AWF. 

INPUT TEST SENSE 


25 CLEAR 


Cs 


281 
282 
283 
284 
283 


284 


287. 


288 
289 
290 
291 
fa 
293 
294 
270 
26 
2a 


256 


299 


500 


SOL! 


42 


ie 


304 
305 
BIT. 
TAT 
oul 
S08 
309 
e1d 
a 
Sie 
eds 
314 
315 
516 
ci 
316 
aden, IB 1B} 
QL7 
Lael 
m1 

pd, 

94 
a! dp in 
pew Wi d 
Jk 
w2a 
be dike, = 
yee 
ab 
ey) 
2B 
329 
Za) 


"4 


DSP "ENTER THE MAX DECIBEL REFERENCE LEVEL IN DB's .° 
INPUT DB_REF LEVEL 
VPG_VIBE=1/ACCEL_SENSE#1000 ! aVolts/6 


VP5_ 


60T0 
CLEAR 


1S0L=6 
300 


DISP "ENTER SENSITIVITY OF UNISOLATED VIBRATING ACCELEROMETER IN aV/q° 
INPUT VPG_VIBE 


DISP 


DISP "ENTER SENSITIVITY OF VISRATION ISOLATED ACCELEROMETER IN aV/g.° 
INFUT VPG_ISOL 


CLEAR 


DB_REF_LEYEL=0 
TEST_SENSE=0 
GOSUR DISPLAY TEST ITEM DATA 
GOSUB CHANGE INPUTS 


CLEAR 
] 


RETURN 


1 RR EERE EER ERER EEE EEE EEE EE EERE TERS TEER GHEE EERE ES CO ER ERE TEES EERE ERLE EES 


FHEHGHSEHSHREE HEHEHE ODLSE TEST [TEM FE debe tb ee td F449 4 448 4S H EE TE 


VERE RE ERE EE EERE EERE ERE RE EEE EERE ER EERE EER EE SCHR EE SEER EE CREE EEE EEE E444 EH 


J 


DISPLAY TEST ITEM DATA: 
DISP "ITEH NAME:... ";NANES 
"MANUFACTURER: "+ MANS 


DISF: 
Disk 
BSF 
DISF 
HISF 
bTSF 
BIS 
H 


RETURY 


es "EPNE 


CREAM as paces 


« SERNOS 


"VIBE ACCELEROMETER SENSITIVITY: ":¥PG_VIBEs “a¥/6° 

ISU ACCELEROMETER SENSITIVITY: SS vPGsl sua aves: 

"TEST ITEM SENSITIVITY s “TEST SENSE: MILI OUTS @ DG Goes eve 
"TEST ITEM OR REFERENCE LEVEL? s 0B Reb LEVEL 


1 PEER EE ER EL ER SEGRE EEE ER ER EE SHEER ERE EE EERE EEOC EREE ESSE EERE EEEEERT EERE ELE 
1 ¢teeeeaeseeeeteeeede ROUT $4 TEST COND FILENAME [NPUT #eeeaeeseeaee ed 
TREE ER REE ERE EERE EERE EEE EES HSER EERE EERE EER EAE EEE EES EEE EERE EEE EERE ER ES 


TEST CONDITIONS FILENAME INPUTS: 


ROUT 
ELSP 
ULSP 
DISP 


TSP 
TSP 
DISP 
DISP 
DISF 
DISP 
INPU 
CLEAR 


INE=. 


ERIER Lo 


n 


“ENTER ‘2’ 
DISP 
“ENTER 3" 


wmeyrem fae 
NENTER °4 


IF VIBRATING AXIS 1S PERFINDICULAR TO THE FACE OF * 
THE TEST LTTEM OR AXTALLY (Z LONGITUDINAL AXIS). * 

IF VIBRATING AXIS [5 PARALLEL TO THE FACE OF THE ° 

TEST [TEM PADIALLY (X LATERAL DIRECTION). * 

IF VIBRATING AXIS 15 PARALLEL TO THE FACE OF THE * 
TEST [TEM RADIALLY ¢Y¥ LATERAL DIRECTION). * 

[F TEST ITEM [5 NOT VIBRATING SUT IS EXPOSED TO ° 


Ie TEST [TEN IS ISOLATED FROM NOISE AND VISaATION. " 


"GHAKER NOISE" 
PEN LE Roses 
T AXIS 
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332 IF AXES=1 THEN 333 ELSE 337 
335 AXIS$="VIBRATION IS PERPINDICULAR TO THE FACE OF ITEM;2 LONG. AXIS.“ 
334 A$="7" ' Assigns ‘L’ as the first letter in the filename. 
339 6010 363 
bai | 
337 IF AxXIS=2 THEN 338 ELSE 342 
338 AXIS#="VIBRATION IS PARALLEL TO THE FACE OF ITEM;X LAT OIRECTION.* 
BoT A$="X*° ' Assigns ‘W’ as the first letter in the filenaae. 
340 6070 343 
54t ! 
342 IF AXIS=3 THEN 343 ELSE 347 
343 AXTS$="VIBRATION [5 PARALLEL TO THE FACE OF ITEMsY LAT DIRECTION, * 


344 Ag="¥" | Assigns “N’ as the first letter in the filenaae. 
345 GOTO 363 ' 
546 ! 


347 so TF AXES=4 THEN 348 ELSE 353 

348 AXIS$="TEST [Tem [5 NOT VIBRATING, BUT IS EXPOSED TD SHAKER NOISE" 
349 A$="N" ' Assigns Tetter ‘N° as first letter in file nage 

oa AXIS$="TEST ITEM 15 NOT VIBRATING, BUT IS EXPOSED TO SHAKER NOISE” 
ay 6910 337 

Soe | 

305 IF AXIS=5 THEN 354 

354 AXIS$="TEST PTEM IS ISOLATED FROM SHAKER NOISE AND VIBRATION" 

Sao Ag="7* 

356 CLEAR 

307 = DISP "ENTER THE RUN NUMBER, IE IF THIS 15 THE SECOND RUN FOR THESE ° 
Boge pice “TEST CONDITIONS ON THES TEST [TEM THEN ENTER 2°.‘ 

299 INPUT RUN_NO$ 

340 CLEAR 

bol | 

242 GISP "ENTER AN @ CHARACTER OR LESS ALPHANUMERIC CODE THAT WILL 2E 
563 DISF “USED TO CREATE TRE FILENAME. THE CODE SHOULD BE FECULIAR TO * 
$464 ISP "THIS TEST ITEM. IT SHOULD DESCRIBE CONDITIONS GTHER THSN THE “ 
365  OISP "ENVIRONMENT OR RUN NUMBER. example BUSAC, BJ54 15 FART OF THE" 
366 GISP “SERIAL NUMBER AND ‘C’ INDICATES THAT THE MIKE WAS CAPPED, " 

$67 = DESF 

568 = DISP 

267 ISP "THE SERIAL NUMBER FOR ITEM UNDER TEST 1: ";SERNDS 

270 THFUT CODES 


rare | 
rz 


rd 


372) DF2""D701" | Disk drive code 
373 CLEAR 

374 = =GOSUE OTSPLAY TEST CONDITIONS 
3/3 © GOSUE CHANGE INPUTS 

376 © RETURN 


ike 


AT ee 
37374 
a 


580 
381 
392 
383 
384 
380 
386 
297 
398 
589 
390 
a7 
St 
393 
394 
ue 
598 
oe 
396 
Re 
eno 
401 
gt}? 
$93 
4n4 
45 
did 
407 


SEERESEEESRECECEE EAE ESSE AES S SESE EAEE SEEPS EE SESE SE ESE ESE SESE SEES TEES TEESE 
SESEPESSSSAE SEES SE CE4EE444% DISPLAY TEST COND Feed eeeeeaasetaeeaasze 
HEEHESELELEESE SEES SESE LEER ES EL ESE ELE ESSE ES PERERA ERE EES TE SER ES SES EE EE EE ES 


DISPLAY TEST CONDITIONS: 
FILES=ASLCODESZRUN NOSEDS 


DISP "CONDITIONS: ....000 "SAXIS$ 
DISP "AXIS CODE:...0....°3AS 

DISP "ITEM CODE :.......°sCODE$ 
DISP "FILE NAME WILL BE:"sFILE$ 


RETURN 


Fl 
j 


FRAAEAT ERLE RGR GEAR HETEE ERATE CASSEL ER EEE EES ES EA EERE AER EAEECERE TESS EEEE EE 
LEAFELEEAF SESE LAA EES E444 CONCATENATE FILENAME INPUTS FEES SELEY 
HEERHS GREE LEHR EE EES E EEE EER EERE GHEE RE EERE EERE LER ERS EEE EG EEL ES GEE EEE EE EEE 
CONCATENATE FILENAME INPUTS: 

Concatenate the data file name. 


LES=ASbCODESERUN NOFSEDS 


CLEAR 


DISP "DOES A DATA FILE NAMED "sFILESs" ALREADY EXIST?" 
DISP "ENTER 1 IF YES" 

DISP "ENTER 2 IF NO ° 

INPUT EXIST 

IF EYIST=1 THEN FURGE FILES ELSE 404 

CREATE FILE$,125,9 

ASSIGN# 1 TO FILES 

RETURN 

IF EXIST=2 THEN CREATE FILE$,125,9 ELSE 398 

ASSIGN# 1 TO FILES 


608 CLEAR 


45 


t 


410 RETURN 


76 


A] ] | SEREERRREE BLESSES ELSE ESTAS ERA REEE REE ERARS REESE EERE REAL ERESHESEREE ERE ER CEES 
| PESESESEE ESSERE RHEE EETEEEE SELECT DATA ENTRY METHOD 9 feeeeteseteeeeet 
1 PHEFRRLSHTTRLTRER TEES RLS ELE SRLL RES ESLAR ERLE RE ESTEE ESE RE SEER EER EES TREE ECE 


SELECT_DATA ENTRY METHOD: 


412 
413 
414 
41y 
416 
4t7 
418 
419 
420 
a2t 
422 
423 
424 
423 
426 
427 
428 
429 
430 
431 
433 
434 
435 
436 
437 


433 | 


439 
440) 
44) 
4472 
443 
a4 
4c 
646 
447] 
G45 
449 
49 
431 
a2 
49 
454 
a5 
456 
427 
438 
459 


DISP "ENTER THE NUMBER (1 or 2) THAT REPRESENTS THe HETHOD 10° 

DISP "BE USED TQ SELECT TEST FRE@UENCY AND & LOAD PAIRS.° 

DISP 

DISP "ENTER ‘1° TQ USE THIRD OCTAVE BAND FREQUENCIES: 20 TQ 2000 HZ," 
DISP "AND 6 LOADS ASSOCIATED WITH FIGURE 1 VIBRATIONS ACCELERATION" 
DISP "SPECTRAL DENSITY GRAPH CONTAINED IN THE NASA GET AWAY SPECIAL” 
DISP "EXPERIMENTER ’S HANDBOOK. " 

DISP 

DISP "ENTER “2° TQ INPUT YOUR OWN SELECTED FREQUENCY AND & LOAD FAIRS, * 


INPUT METHOD 


_—- 


ON METHOD GOSUB EROGRAM_DATA ,KEYBOARD ENTRY 
RETURN 
PROGRAM DATA: 


NF=Z1 


RESTORE 434 


FOR L=1 10 NF 
READ FREQ(L) 

DATA 20,25,31.5,40,50,63,80,100, 125, 140 

DATA 200,250,315, 400,500, 630,806, 1900, 1250, 1400, 2006 


NEXT L 
RESTORE 442 


FOR L=1 TO NF 
READ G_REQ(L| 


DATA .38,.48,.5, 0755.95, 1025 L052, ba 75 be 92015 

DATA 2.41,2.67,3.02,3.4,3.9, 4.27, 4.81 5.38,5. 30,5. 38,5.38 
NEXT L 

CLEAR 


DISP "THIRD OCTAVE BAND FREQUENCIES AND " 

DISP "REQUIRED RMS 6 LOADS ARE AS FOLLOWS;" 

DISP USING 451 ; "FREO","S LOAD","FREG","S LOAD" 
IMAGE 6%, 44, 2%,40,4%,40, 24,48 


COR L=t 10 10 
DISP USING 455 ; FREQ(L),6 SEQ(L) FREQ(L+10) 6 RES(L+19) 
IMAGE 5%,4D.0,3%,00.0D,7%,40.0,3%, 00.00 

NEYT L 
DISP USING 458 ; FREA(21),5 REQ(21) 
IMAGE 26% ,4D.0,34, 00.09 
RETURN 
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SL | RRRRAEERESREERAE SEER ES ESAS REESE EKER ESAS SESE ALES ESLER ES ELE REE RES EEE ES ESSE 
4G] | FFFRRECELESFESSS SEALS EE TEES KEYBOARD ENTRY FEEFFEAELETETEALTLSF EL EE 
AED | EREEEESEESEL EERSTE HERES FESS EELS EES SELES ELE ESAS PASSE SEL SLATER LESSEE 
443 KEYBOARD ENTRY: 

444 ROUTINE=4 

445  DISP "ENTER NUMBER OF FREQUENCY,6 LOAD PAIRS TO BE TESTED." 

444 DISP "NUMBER OF PAIRS MUST NOT EXCEED 25.° 

4h7 | 

448 INPUT NF 

469 FOR Lei TO NF 

470 DISP "ENTER THE NUMBER";L;"TEST FREQUENCY AND 6 LOAD PAIR.* 

471 DISP "ENTER FREQUENCY IN HERTZ AND & LOAD IN RMS 6's." 

472 DISF "FOR 200 HZ AND 1.21 (RMS) S ENTER: 200,1.21 .° 

473 INPUT FREQ(L) 6 REQ(L) 

74 NEXT L 

475 CLEAR 

47h  GOSUB PERUSE 

477 | 

478 «RETURN 

179 PERUSE: 

480 «= DISP "IF YOU WOULD LIKE TO REVIEWS 

481  DISP "THE FREQ/S PAIRS ENTERED * 

492 DISP "THEN ENTER ‘1', IF NOT ENTER ‘2'.° 

49% INPUT REVIEW 

484 IF REVIEW=1 THEN GOSUB DISFLAY ELSE RETURN 

485 RETURN 

486 ‘DISPLAY: 

437 FOR i=1 TO NF 


486 DISP FRE@(L) ,6 REQ(L) 
489 NEXT L 
aSh GOSUB CHANGE INPUTS 


491 RETURN 

GOD 1 REERERERES EERE RFE E Re EERE HE REE EER TAGE EEE GE EERE SEES CEEEE EERE CERES TEES ETS 
AG3 | ERERFEERAE GEASS EFS EEA EEE ES CHANGE INPUTS FEEERHFRERERFEREE GEER SEFEEEE | 
Cd | RRRRER ERED ER ERE ERE REE REREER GREE ER ESTES EEE EEE RE ERER EEE REEL EEE EEE ELE 
$79 CHANGE INPUTS: 


496 DIS 

497 — DISF 

198 DISP "LF YOU WOULD LIKE TO MODIFY ANY OF THE “ 
$97 D15F “THESE ENTRIES ENTER “1 so IF NUTS eRe 


500 © DISF 

S01 INPUT CHANGES 

S02 IF CHANGES=1 THEN S03 ELSE RETURN 

503 ON ROUTINE GOSUB TEST EQUIPMENT PARAMETERS ,TEST_ITEM DATA ,TEST CONDITIONS FILENAME INPUTS 
|KEVEQARD_ENTRY 

54 RETURN 


78 


SOS | ERERRESEESESSHESE REESE SERS EE TELE SEES GE GEESE SEER GEE RHEE EEE EEE EEE EEE SEES 
506 | #eeeEESEEEEESE+E¢¢424% PRINT HEADERS #248240 420 4004224040 E te TERETE HH 
SO7 | EREESESSEES SSE EERT ES ESHER ERLE ESSE SESE SL LATEST EE TALL EEE ELE AE EERSTE EE EET 
908  PRINT_HEADERS: 

56? FRINTER IS 762 

510 PRINT CHR$ (12) 

S11. FRINT CHR$ (27)&"&k95" 

S12 PRINT USING Si3 ; TODAYS 

S13 IMAGE S0X,17A 


515 PRINT 

S14 PRINT USING Si7 ; “ITEM RESPONSE TO VIBRATION" 
517 IMAGE 10X, 16%, 24A 

518 PRINT 

519 PRINT USING 520 ; AXIS$ 

520 IMAGE ee 

521 PRINT 

522 PRINT USING 523 ; "ITEM NAME: ";NANES 

523 IMABE 10%,20A,%,27A 

524 PRINT USING 523 ; "MANUFACTURER: "; MANS 

525 PRINT USING 523 ; "PART NO.:"sFNE 

526 PRINT USING 523 ; "SERNO:":SERNOS 

527 PRINT USING 528 ; "ACCEL PRE AMP GAIN: ":GAIN A 
528 IMAGE 10X,30A,40.0 

529 PRINT USING 528 ; "TEST ITEM PRE AMP GAIN:";GAIN B 
530 PRINT USING 523 ; "DATA FILE NAME: "sFILE$ 

S31 PRINT USING 523 ; “DATA DISC LABEL: "sDATA DISCS 
532 INAGE 10X,158,%, 158 

532 PRINT 


Lo | 
tA 
me ary 


330 IMAGE 10X,288,4,00,208 

936 PRINT 

ey 

y5@ ' Some abbreviations, 

aoe | 

340 0$="065" ' observed 

541 N$="NO," 

542 V#="VQLTS" 

s43 R¥="REO'D" 

c44 ! Print headings for orinted output. 

Bagernint USING S46 ; “FREG*, "ITEM", “SFL/*, "INPUT" ,"ACCEL* R$ ,O$ NE 
246 THAGE 104,40,44,58,34,5A,24,58,3%,50,2% 58,44, 20,50, 24 

547 PRINT USING 54g: ieee i ibsoeeys V3, °5 LORD", G LOAD*, "TRIES" 
245 HAGE 181,50, 2% 583K, 58,3458, 24568021, 68,24 oO 


54] PRINT USING 559 5 "CHZ)", "luv". (DE)", "(HY)" "(MV)", "(GS)", "(G's)" 
S50 IMAGE 10%,48,4X 48,4448, 4%,80,5%,58, 24 58,24, 58 

e 

Sa 

552 RETURN 
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ESSHEESESEA SELLE ESE SES SE CARER SESE LESTE EE EE EERE EEE EEE ES ES ES ESE EELS ET EEE 
HEEEEERALETT EERE ETE EEEEEHE CALIBRATE EQUIP feetdate teed eted tees teetet 
EEESEELESER SSS TELESALES SERRE ELE TS ESS ELE SEE SEES EE EES ERE SESE SESE EEE EE EE TE 
CALIBRATE EQUIPMENT: 

DISP “EQUIPMENT [5 BEING CALIBRATED AND SET.” 


Set equipsent initial paraaeters. 

797 addresses the HP3314A Function Generator. 
741 addresses the HP2582A Spectrum analyzer. 
See appropriate aanual for decoding. 


BUFO ers: 
DUTPUT 711 g"IMZACIBCLASSBSSMDISPSSCIAVZMPOSNNI " 
OUTPUT 711 ; “AALABINUZ” 


Set function generator 


QUTPUT 767 ;“CADEIFULAGILVISRiSLI® 


RETURN 

EERE EERER GEES EEPS EL ES RR ER ER ER AR RR EERE CREAR TELE ERE EEA Ee EERE EEE SEES EE EE 
S4FHHHEATE EDIE LS E44 TEST FREQUENCY & LOAD PAI&S HEFELTTHRALE LE TESS ELS 
ERAS RETR ERSTE ERR LRG R EERE ERE SER HE TERETE EE EE REGS ER ERE EARS GRE HA EEF TES EL EEE 
TEST_AT FREQUENCY _§ LOAD PAIRS: 

SUM_SFL=C 

FOR M=1 TQ NF 


DISE "TEST FREQUENCY: ":FREQ(M) 
DISP "REQUIRED § LOAD: "36 REQUM) 

SOSUB RESET COUNTERS ADDERS 

SOSUB VOLTAGE LIMIT CHECK 

GOSUB OUTRUT FREQUENCY AND VOLTAGE 

SOSUB TEST PARAMETERS 

S0SUB MEASURE Ss ADJUST YOLTASE 

GOSUB MEASURE AND RECORD FINAL VALUES 

BOSUE PRINT _INDIVIDUAL_RESULTS 

DISF "NEXT FREQUENCY,S REQUIRED INPUT FOR TEST." 


NEXT M 
RETURN 


80 


92 
a73 
294 
095 
176 
s97 
198 
w99 
400 
601 
b02 
bi)3 
bi)4 
495 
606 
407 
608 


cas _— 


as _— a _— 


i 


PTC SCOT TSS SS PSSST CSO LISS SSS CLES SSIS OSSSOCSSL OSS SES CSS SS LESS CS eS e Les es eee) 
KEFETLEFAELERFLKTTALRERLARAY TEST_PRAMETERS FESS SSS SSESSOCSSLIS SSeS TEES 
HEFTFLAESLTSLELELE SELAH ESSELTE S ESE EHE SRSA SAREE RE FSET SSS SEERA SESE SFL E G4 
TEST_PARAHETERS: 

DISF "TEST FREQUENCY: ";FREQ(M) + "HZ" 

DISP "REQUIRED & LOAD: "s6 REQ(M);"6‘s° 


G_MAX=T/100#6 REQ(M)+6 REG(M) 

S MIN=6_REQ(M)-T/10086 REQ(M) 

DISP "G LOAD TOLERANCE 15 + OR -"sTs"Z 3 FROM®;6 REQ(M);*." 

DISP "G LOAD RANGE 19 FROM"36 MINs"TO"3G MAX: *," 
RETURN 
PECESICCISTCOCTCCLCCCCCLCLOTECCIOSTITTCCCSCCCSTOOOTOCT OSES IST Te LTT es ese 
POET ETTCUCTCTCOCECE CTE TECTeSTelIrrtrecererrrrrereretetetetTTteetetet: 
seetietisepieeaaaeaesee VOLTAGE LIMIT CHECK Faeeeeeeee ends rea ane aes 
ESIC LICTSTeLeTTCECeELeLeLeeleeresrelcrttsttetetetettretereterslere te’ 


609 VOLTAGE _LIMIT CHECK: 


S10 
411 
oe 
612 
414 
610 
b16 
bi? 
518 


oy | 


629 
421 

ie 
23 
624 
b20 
624 
627 
628 
629 


6.50 


oo. | 


b32 
b35 
634 
32 
B36 
437 
6.36 
5d? 


DISP "CHECKING THAT REQUIRED VOLTAGE DOES NOT EXCEED":;V_MAX 
IF ABS (V)V_MAX THEN 412 ELSE RETURN 

DISP "SELECTED INPUT VOLTAGE OF": V; "EXCEEDS SHAKER TABLE " 

DISP “YOUR PRE SET LIMIT WAS": VMAX: *MILLIVOLTS. ° 

WAIT 5000 

GOSUE CLOSE FILES AND NULL OUTPUTS 

GOSUB ANOTHER RUN 

END 

SETEFETRAREA HAST REE LERR LESTER ESSERE EAE TH SE RAL EEE SERA EEF EBLE 
EHFRERELFRALFA RAL AGS DUTPUT FREQ AND VOLTAGE PET ESTSSETETET CCE CT TESS SE" 
HEFFFELESEAEETETL ESSE EAE RETREAT RET RER ERSTE TEE RREHS RS EL EE HEE HE ETE 


OUTPUT FREQUENCY AND VOLTAGE: 


_—_ 


INITIAL VGLTASE=100 

DIS "RUNNING FUNCTION GENERATOR AND FFT AT THIS TINE. * 
DISP 

OUTPUT 707 "FR" FREG(M) , "HZ" 

OUTPUT 707 ;*AF",V, "My" 


QUTPUT 711 ;"AAL 
QUTPUT 711 ;AD" ,FREG(M) , “RE” 
WAIT 4500 


OUTPUT 711 :°LNK AAD" 

ENTER 7it ; TEMP A 

DISP "TEMP_A LINE 6915": TEMP A 

G HEAS=TENF_AACCEL SENSE/GAIN A 

DISP "G MEAS: ":TENP_A#ACCEL SENSE/SAIN A 
WAIT 2000 


BIS 


RETURN 
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640 
641 
642 
643 
644 
643 
546 
647 
648 
649 
$30 
431 
Aj? 
433 
4654 
639 
696 
657 
658 
659 
60 
641 
hae 
463 
bo4 
O45 
bad 
64/7 
648 
5a? 
676 
67] 
Al? 
of 3 


O74 


1 PEREAERREAPESE ESTA SEETHER EERE ESE EEE REL EEE EREETELAL ARE ESSE EE EEE EREE EES 
| FHEREEEREAESERTEETEETE MEASURE Gs ADJ VOLTAGE feteetetateeaeteaeiet 
1 PEEEEERESEEEA SEE SE REPRE AES ELSES EELE SEE EA EE EEE ESS SE EEEE EE SEE EEE ESE SH 
MEASURE Gs ADJUST VOLTAGE: 
DISP 
DISP 
DISP "I AM COMPUTING THE 6's OBTAINED AND WILL SEE IF ° 
DISP “THE MEASURED & IS WITHIN LIMITS SPECIFIED. IF NOT 
' Records values obtained on run nuaber ‘N’. Moves to next pair. 
DISP "WITHIN LIMITS A NEW VOLTAGE WILL BE CALCULATED. ° 
IF N+1=MAX_TRIES+1 THEN G MIN=6_MEAS 
| Deteraine if the created g load is within ligits specified. 
IF & MIN<= 6 MEAS AND 6G MEAS<= 6 MAX THEN RETURN ELSE GOSUB DETERMINE NEW VOLTAGE 
RETURN 
1 RRPRESAERE GEESE EEE RES E SESE HE EA EEE ESERARE HEP EE SEES EE EERE ES EE EEE EE ES CEES 
L PFEPELERES SEES E49244424 DETERMINE NEW VOLTAGE EFEE4E444994 44444444444 
S RRRELELSE ER REE ESE LER EA REESE EESER AREER EEE E ESRD EEES EEE EE CEES EEE EEE EET 
DETERMINE NEW VOLTAGE: 
X=6 MEAS 
Y=V 
IF Nel THEN G0SUB LEAST SQUARE COEFFICIENTS 
IF NiO THEN GOSUB LINEAR ELSE GOSUB CUBIC 
BOSUB VOLTAGE LIMIT CHECK 
G0SUB QUIFUT FREQUENCY AND VOLTAGE 
BOSUB MEASURE Gs ADJUST VOLTAGE 
RETURN 
LINEAR: 
IF & MEAS<6 MIN THEN 474 ELSE 485 
DISP "ATTEMPT :";Ns°G LOAD 700 SMALL * 
Doe eFUR eS Vi abe ee Ve ELV 
CORRECTION=6 REQ(N)/6 MEAS 
Oe) eel Sms te er Gre ieley 3 Bal 
DIS? G2ERS: s: Ganeas 
DISP "6 REQ(N): "3G REO) 
BISP “CORRECTION FACTOR: *; CORRECTION 
¥=VECORRECTION 
IF ¥Veiod THEN VeINT ((¥+,05)410)/10 ELSE V=INT (Y-.9)} 
DISP "NeW INPUT VOLTAGE IS :°s¥s"MILLIVOLTS" 
N=N+] 
RETURN 
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681 IF 6 MEAS?6 MAX THEN 682 

482 DISP 

683 DISP "ATTEMPT NO.:"3N;°6 LOAD TOO BIG," 
4684 DISP “FOR TEST VOLTAGE :"3¥s °*MILLIVOLTS" 
685 DISP "G_MAXs "333336 MAX 

686 DISP "6 MEAS” :+3;6_AEAS 

687 DISP "G REQ(M): "336 REQ(M} 

488 CORRECTION=6 REQ(M)/6 MEAS 

689 DISP "CORRECTION FACTOR: "; CORRECTION 
490 Y=V#CORRECTION 

671 IF ¥¢100 THEN YV=INT ((V+,05)#10)/10 ELSE V=INT (V+,5) 
492 DISP "NEW INPUT VOLTAGE IS :"5V3"MILLIVOLTS." 
693 N=N+1 

694 RETURN 

695 RESET COUNTERS ADDERS: 

696 ! 

697 =N=4 

698 V=INITIAL VOLTAGE 

99 DISP "RESETTING" 

740 DISP 

701 SUM_X=6 

792 SUA_F2=0 

702  SUR_X3=0 

704 SUM X4=9 

705 SuR_X4=0 

796 =SUA_X5=9 

707  — SUM_X4=0 

708 = SUM_Y=0 

709 = SUM_XY=0 

71600 SUe_X27=0 

71i = SUM_X3Y=0 

712 kd 

MS ¥=0 

714 GOSUB LEAST SQUARE COEFFICIENTS 

715° RETURN 

7i@ LEAST SGUARE_COEFFICIENTS: 

alg | 

i DISP "SUMMING COEFFICIENTS" 


720 SUM_Y=SUM_K+d 

721 SUM_Y2=SUM_¥2+142 

722 SUM XS=SUM_X3+4°3 

723 SUM_Y4=SUM_Y44X"4 

724 SUM_XS=SUM_X5+x°5 

25  SUM_YO=SUN_FO+1%4 

726 SUM Y=SUM_Y+¥ 

727 SUM_X¥=SUM_XV+X#Y 

728 © SUM _X2V=SUM_Y2VeX°2#Y 
729 SUM_XSY=SUM_X3Y#X°3aY 
730 | 

731 RETURN 


oe 


732 } ERERERESEAARSESEERERSE RSE RES SERS EELL ALAS ESLER SELES ALE LEE EAE EEEEE EES SEE 
735 | ERERRRRERELE RESALES EE ELE LEGA CUBIC FeeSRREFEELE SESE EEEETIAT LEAT ELE 
734 | REERERAE RAE EAT RRA EASE EERE ESTEE ELE ESSA PALL EL EEE SELES EERE ES SESE EEE TES 
735 CUBIC: 
736 DISP "COMPUTING CUBIC COEFFICIENTS" 
737 B21=SUM_X#SUM_X-NASUM_X2 
738 C21=SUA_X#SUM_X2-NESUM_13 
739 D2L=SUM_x#SUM_X3-N#SUM_X4 
74) T21=SUM_X#SUM_Y-NESUM_XY 
741 B3L=SUH_X#SUN_X2-NESUM_¥3 
742 CL=SUM_X2#SUM_X2-N#SUN 14 
743 D3L=SUM_X2#SUM_Y3-N#SUM_X5 
744 T31=SUM_X2#SUM_Y-N#SUM_X2Y 
745 BAL=SUM X#SUM_X3-N#SUM V4 
745 C41=SUM_X2#SUM_X3-NESUM_X5 
747 D4l=SUM_X3#SUN_Y3-NESUM_ Kb 
743 T41=SUM_YsSUN_X3-NASUM_X3Y 
749 C32=B314021-B214C31 
750 D32=B31#D21-B214031 
751 T32=T21#B31-B214T31 
752 C42=0214841-B214C41 
SS DAZ=D21aBS1-B21 4041 
754 TAD=T219B41-B21aT41 
755 Da3N=C424T32-0324742 
756 043D=C424032-C324042 
757 D=D43N/D430 
758 C=(742-D9042) /042 
759 B=(T21-C#C21-D4021) /B21 
740 A=(SUM_Y-SUM_Y#B-SUN_X2#C-SUM_X34#B) /N 
Tol DISF "THE ‘A’ COEFFICIENT =3;A 
742 DISF "THE ‘8’ COEFFICIENT ="38 
743 DIS “THE ‘C' COEFFICIENT ="5C 
7o4 DISP “THE ‘D' COEFFICIENT ="s0 
745 X=6_REQ(M) 


7H VaAtBaxtlax art Dar aray 

747 IF VSt00 THEN V=INT ((V4.05)410)/10 ELSE VeINT (V+,5) 
FOB ! 

769 DIS "NEW VOLTAGE FOR"; G REQ(H);*1S":¥ 

770) N=Nt+t 

‘71 RETURN 


mm c3 oo TI 
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SE REEERATARE ES ELAR EAE EE EE ESSER EEE EE EEE EEE RE EEE EEE EE EE EEE EEE 
EERSTE EEEEEEE MEASURE AND RECORD FINAL VALUES #84e4¢404402404444 
774 | REREERER REARS ES EE EAE ESE EERE EEE EELEES ERATE EAE EERE HEE EET ARES EE EEERSEPE EE 
775 | RRRRRERE ERLE SERRE LEAR TERE EERE ESE ELE EEE GER EEE EECE ESSE TASER EEE EEE SE tH 
776 MEASURE_AND RECORD_FINAL_VALUES: 

777 ~=DISP "I AM MEASURING FINAL RESULTS FOR DISPLAY AND RECORDING. ° 
778 = DESP 

779 = WAIT 10000 

780 =VOLT_I(M)=V 

781 §&_LOADI(M)=6_MEAS 

782 ITERATIONS (A) =N 

783! Read FFT channel B to obtain test item voltage. 
784 ' Turn channel A back on. 

Vag «© QUTPUT 711 3 °LHK,AAL’ 

784 ENTER 711 ; TEMP B 

787 DISP “TEMP B LINE 9450"; TERP B 

788 ' Enters FFT chan 8 voltage in aillivolts and takes into account 

789 ' preamp gain. 

790 = VOLT_BUM)=TEMP_B#100C/GAIN_B ! aillivolts 

og 

792 ON SFL_TRANSNISSIBILITY SOSUB TEST ITEM SPL ,TRANSMISSIBILITY D8 
73 | 

794 ' Begin combining band sound pressure levels. 

799 = SUM_SPL=SUM_SPL+10* (SPL OM) /10) 

794 = VB=VOLT_B(M) ! Millivolts 

797 = PRINT@® 1 5 FREQ(M),S LOADI(M) VB, ITERATIONS (M) ,SPL(M) 
798 RETURN 

fae 

peo TEST ITEM SPL: 

B01 IF VOLT _B(M)=0 THEN SFL(M)=0 ELSE GOTO 803 

302 RETURN 

BOS = SPLUM)=204L6T (VOLT_B(N)/TEST SENSE) +95 REF LEVEL 

B04 RETURN 

B00 ! 

B06 TRANSHISSIBILITY OB: 

BO7 = SPLEN)=20#LGT (TEMP_B/GAIN B/¥PG_ISOL/(TEMP_A/GAIN A/VPG VIBE)) 
B98 RETURN 

B09 | 


772 
713 
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B19 
811 
B12 
B13 
B14 
B19 
Bld 
B17 
818 
B19 
62) 
B21 
§22 
823 
924 
820 
g26 
82] 
828 
b29 
B30 
B51 


| SHPSSRESRSESSSSELSSS SERS ESSA ESSE SASS SSS TSEASE SEES ESSE ESR EEEE SESE REE IE ES 

C FeeeeeaeaeEEEEEEEEEEE PRINT INDIVIDUAL RESULTS S38e8e3905555 0095455343 

1 GESSSESSSSEPELSSES SEES SESE REPELS SRLS EE GESSEESSEE ESTE ESSE LE ESE SEES ES SEE ES 
PRINT_INDIVIDUAL RESULTS: 

' Some abbreviations. 


GPV=G_HEAS/V 

VB=VOLT_B(N) #1000 ! Converted to sicrovolts 

SFL=SPL(M) 

BR=G_REQ(M) 

6L1=6 LOAD1 (MN) 

VA=TEMP_A#1000/6AIN A 

DISP USING 622 ; "FREG", *(TEM", "SPL/* |S INPUIos ACCEL VReaiains 

IMAGE 104,48, 44,58, 34,50, 24,958,324, 08,24, 08, 4%, 38, 9%, 5A 

DISP USING 824 3 VF, "AMISS",V$,V4,"G LOAD®,"G LOAD", “TRIES* 

IMAGE 1BX,5A,24,9A,34,9A,34,5A,2% 4A, 21,60, 2%, 4A 

DISP USING B26 3 *(HZ)%, "(uV)", “(DBP AY), UAV”, SG) cd a Gece 
IMAGE 19%,4A,4%, 40,414,408, 44,58, 32,08, 24,58, 24,08 

DISP USING 826 3 FREQ(M) ,VB,SPL,V,VA,GR,GL1, ITERATIONS (M) 

IMAGE 10%,4D.0,2%,40.0,2%,30.00,4,40.0,34,0.30,3%,0.0D,3%,0.0D, 3%, 20 
PRINT USING 830 ; FREQ(M),VB,SPL,V,VA,GR,GLL, ITERATIONS (HM) 

IMAGE 19%,4D.0,24,4D.0,2%,30.00,4,40.0,34,0.30,3%,0.00,3%,0.90, 9%, 20 


RETURN 
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3D | EFESEEEESHSESHSE SAA RE RATES EEE ES ELLE EA ELE SES EASA SESE SESSA EE EEE EEE HSE 
O33 | getesazdtadatde PRINT OVERALL RESULTS #4444t teed REE Eee EERE TEESE EET EH EE 
Bld | FREKESESEAES LES SHSE REE RES RES ER ASAE R LESTE PELE PLE EELS REE REAL ELE REEL ELE ET 
835 PRINT _QVERALL_RESULTS: 

836 ' Compute overall band SPL 

837 OVERALL_BAND LEVEL=L0#LG7T (SUM_SPL) 


B56 ! 
839 WAIT 6900 
640 CLEAR 


B41 -DISP “OVERALL BAND SOUND PRESSURE LEVEL: *;OVERALL_BAND LEVEL 

842 PRINT USING 843 ; “OVERALL BAND SPL:"sOVERALL_BAND_LEVEL;"DB. REF LEVEL"; TEST SENSE; "aV 2°; 0B_ 
REF LEVEL; "DR. * 

B43 «IMAGE /,10¥,170,4D.D,X,144,4D.DD,40,%,DDD,X, 3A 

944 PRINT 

B45 PRINT USING 855 ; "COMMENTS: " 

846 PRINT 

847 PRINT USING 850 
848 PRINT USING 851 

B49 PRINT USING 852 
B50 IMAGE 10X,d0A 
B51 IMAGE 21X,50A 
52 IMAGE 10%,28A,DD.D,20A 

B53 PRINT USING 855 ; "ALL VOLTAGES ARE WITHOUT AMPLIFICATION AND INCLUDE" 

B54 PRINT USING 855 ; "LINE LOSSES TO PREAHP. ' 

B55 IMAGE 10%,57A 

854 ' Print to disk 

857 PRINT 1; OVERALL BAND LEVEL 
858 OUTPUT 707 ;"AF*,0,°HV" 

B59 OUTPUT 711 :"AADABO" 

Bo)  -«dDISP "ENTER ANY(40 CHR MAX) COMMENT ABOUT THE RUN JUST COMPLETED. ° 

94i DISP "ENTER": "*:* IF YOU HAVE NO COMMENTS. THEN PRESS ‘END LINE’. 

Bo? DISP "XXXXXXXLXX COMMENT © LENGTH XKAXKKAX CACY RENEE 

BAI INPUT COMMENTS3$ 

Bod | 

B45  —«sDISP. "COMMENTS: “sCONMENTS1$2CONMENTS2$ 


"SPL/XA1SS:; READ ‘SPL’ FOR MEASURED VOLTAGE RESPONSE. " 
"READ “XHISS° FOR MEASURED TRANSMISSIBILITY.° 
"6 LOADS OBTAINED WERE WITHIN";T;°% OF DESIRED VALUES. ° 


=. —@V. Se 


856 PRINT USING $49 ; COMMENTSLE 

84; PRINT USING 849 ; COMMENTS2$ 

B48 FRINT USING 949 + CORMENTSSF 

B49 «TARDE 10% 408 

87G) RETURK 

AP] | RRRRKEREES RE REFEREES EERE EE EEE EES HEHEREHE ER EEE PEERS ER SEES HERE ERE EEE EC HEEE 
REMORSE TCI CEOT ICS COOLS CLOSE FILES AND NULL OUTPUTS FHFEEELFL AGHA ESET ELELE 
BIS | RERERERERE EE EHREH HES GEES TREE HERE HERE EEERER CES EHH SS EHEER EERE THEE EES EEE 
674 CLOSE FILES AND NULL QUTFUTS: 

B75 «= OUTPUT 707 ;"AF",O, "MY" 

874 OUTPUT 7iL :"AAQABG" 

afd ASSIoNe 1 Ta # 

879 CLEAR 

2 ne 

B30 RETURN 


87 


QB]! FRRGESHSESESESAL SAE SELLS S AH PLSAR EAS EARS HSER TEESE EL EEE ELEELELASESEREES 
BB2 | FERASHEEEAEEAEEEEEEAEEEE ANOTHER RUN FEdEEETREEEEEETEESEEEE TE AEEEEEH 
CBX | FEAERSSSSLELSETEL ELSE APES SRLS SALA LEE ES EALESSERESE REE EE SSEESECELE TEESE 
B84 ANOTHER RUN: 

BBS DISP "IF YOU DESERE ANOTHER RUN ENTER ‘1',IF NOT ENTER ‘2°." 

BB4 INPUT AGAIN 

BB7 AAIT 10600 

838 CLEAR 

889 ON AGAIN GOTO 893,890 

290 DISP "THANK YOU FOR YOUR HELP. SEE YOU TOMMORRKOW. HF-67." 

B91 PRINT CHR$ (27)%"S405* 

B92 RETURN 

B93 RESET CONDITIONS: 

B94 ! 

B95 DISF "CONDITION 1: ITEM AND ALL CONDITIONS REMAIN UNCHANSED. ° 

896 DISF "CONDITIGN 2: ITEM [S UNCHANGED, CONDITIONS CHANGE. “ 

B97 DISP "CONDITION 3: ITEM AND CONDITIONS CHANGE. * 

598 DISP "IF TEST EQUIPMENT SETTINGS QR PARAMETERS CHANGE “ 

B99 HIS "PRESS ‘RUN’. * 

700 DISF "ENTER THE CONDITION NUMBER DESIRED. * 


901 INFLT CONDITION 

$2 IF CONDITION=1 THEN 903 ELSE 915 

03 RUN NO=VAL (RUN NOS} +1 

904 RUN_NOS=VAL$ (RUN NO) 

905 BOSUB CONCATENATE _FILENANE_INFUTS 
908 BOSUB SELECT DATA ENTRY METHOD 

207 BOSUB PRINT HEADERS 

908 BOSUB CALIBRATE _EQUIPHENT 

509 GOSUB TEST_AT FREQUENCY S LOAD PAIRS 
910 GOSUB PRINT_QVERALL_RESULTS 

$1 BOSUA CLOSE FILES AND NULL OUTPUTS 
712 GOSUE ANOTHER RUN 

913 RETURN 

714 ! 

F15 IF CONDITION=2 THEN 923 ELSE 934 

216 BOSUB TEST CONDITIONS FILENAME INFLITS 
917 BOSUB CONCATENATE FILENAME INPUTS 
718 GOSUB SELECT DATA ENTRY METHOD 

G19 SOSUB PRINT HEADERS 

924) GOSUB CALIBRATE EQUIPMENT 

02 GOSUB TEST_AT FREQUENCY 6 LOAD FAIRS 
922 GOSUB PRINT OVERALL RESULTS 

923 S0SU8 CLOSE FILES AND NULL_QUTPHTS 
924 GOSUR ANOTHER RUN 

625 RETURN 

926 ! 


8 8 


927 
928 
929 
930 
931 
932 
935 
934 
930 
936 
“ead 
938 
a7 


ON CONDITION=3 GOTO 928 


GOSUB TEST_ITEM DATA 
GOSUB DISPLAY_TEST_ITEM DATA 

GOSUB TEST CONDITIONS FILENAME INEUTS 
GOSUB CONCATENATE FILENAME INPUTS 
GOSUB SELECT DATA ENTRY METHOD 

GOSUB PRINT HEADERS 

GOSUB CALIBRATE EQUIPHENT 
GOSUB TEST AT FREQUENCY 6 LOAD PAIRS 
GOSUB PRINT OVERALL _RESULTS 

BOSUE CLOSE_FILES_AND_NULL_OUTPUTS 
GOSUB ANOTHER RUN 


RETURN 


ee 
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